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WELLS    AND    WATER   SUPPLIES   IN   SOUTHERN   MICHIGAN.        21 

LEGISI^TION. 

There  are  two  important  legislative  acts  in  reference  to  Michigan 
us^ater  supplies,  copies  of  which  are  presented  below: 

[Act  No.  43,  Public  Acts  of  1897;  4484-448f),  Compiled  Laws,  IHQ?.] 

AN  ACT  to  provide  for  the  analysis  of  water  in  use  by  the  public  in  certain  cases. 

T/»€  peapU  of  the  State  of  Michigan  enact: 

Section  1.  That  in  any  case  where  any  city,  village,  or  township  in  this  State  shall  be 

supplied  with  water  for  domestic  uses  by  any  individual,  company,  or  corporation,  city  or 

village,  or  where  there  is  within  such  city,  village,  or  township  any  water  in  swales,  wells, 

riTcrs,  or  other  places,  which  might  be  the  cause  of  disease  or  epidemic,  a  sample  of  such 

•  water  may  be  sent  to  the  University  of  Michigan  for  analysis,  by  the  mayor  of  such  city  or 

f    village,  or  by  any  alderman  or  trustee  of  such  village,  or  by  the  supervisor  of  any  such 

5  \  township,  upon  the  resolution  of  the  common  council  of  such  city,  or  board  of  trustees  of 

:  •   such  village,  or  the  township  board  of  such  township,  for  that  purpose  duly  passed. 

;  :      Section  2.  Upon  receipt  of  such  sample  the  regents  of  the  University  of  Michigan  shall 

f  :   cause  a  correct  analysis  of  such  sample  of  water  to  be  made,  and  a  correct  statement  oi  the 

'  t    properties  contained  therein,  with  a  further  statement  whether  or  not  such  sample  contains 

.*      any  substance  deleterious  to  health,  and  return  such  analysis,  together  with  the  statement 

:       aforesaid  to  the  person  so  sending  the  same,  free  of  charge,  except  the  actual  cost  of  mate- 

:  ■    rials  and  animals  used  in  making  such  analysis  and  experiment. 

r  Section  3.  1 1  shall  be  the  duty  of  the  board  of  regents  of  the  University  of  Michigan  to 

; !     cause  a  record  to  be  kept  of  every  sample  of  water  received  under  and  by  virtue  of  this 

: ;     statute,  and  in  no  case  shall  a  second  analysis  he  required  of  the  same  water  within  one  year 

except  in  the  case  of  the  breaking  out  of  some  disease  among  the  consumers  of  such  waters, 

and  then  only  upon  the  certificate  of  at  least  two  physicians  engaged  in  active  practice  in 

that  community  that  in  their  opinion  such  disease  arises  from  the  use  of  said  water. 

Approved  March  26.  1897. 

[Act  107,  session  of  1905.] 

A  BILL  to  regulate  the  use  of  arttsian  and  other  wells;    to  prevent  the  waste  of  waters 
therefrom,  and  provide  a  remedy  therefor. 

The  ptojie  of  the  State  of  Michifjan  encut: 

Section  l.  Any  artesian  or  flowing  well,  the  water  of  which  is  unnecessarily  allovvt^d  to 
run  to  Waste  in  an  unreasonable  manner  to  the  depletion  or  lowering  of  the  head  or  v<  servoir 
thereof  to  the  detriment  or  damage  of  other  wells  supplied  from  the  same  head  or  reservoir, 
shall  Ijo  deemed  a  nuisance,  and  its  owner  and  the  owner  of  the  land  on  which  it  is  situated 
shall  1)0  subject  to  all  the  actions  for  abatement  and  damages  in  favor  of  the  person  or 
persons  injured  that  are  or  may  be  provided  by  law  for  other  nuisances  or  tortious  aets. 

Section  2.  Where  any  well  is  supplied  by  a  head,  reservoir,  stratum^  or  vein,  or  by 
Pt^Tcolating  waters  common  to  other  streams  or  wells,  and  the  owner  thereof  or  his  K  ssee  or 
license(!  puts  its  waters  to  a  use  unreasonabh*  or  unnecessary  in  view  of  the  condition  and 
situation  of  the  land  on  which  it  is  situated,  and  through  such  unreasonable  or  unnecrssary 
use,  lowers  or  depletes  the  head,  pressure,  or  supply  of  water  of  any  spring  or  well  dependent 
on  the  same  head,  vein,  or  stratum,  to  the  detriment  or  injury  of  the  owner  or  any  ptrson 
''ntitlefl  to  the  use  thereof,  the  well  so  unreasonal)ly  and  unnecessarily  used  shall  \)v  <lri  med 
^  hp  a  nuisance,  and  its  owner  and  th(>  owner  of  the  land  on  whieli  it  is  situat<'d  shall  he 
subject  to  all  the  actions  for  abatement  and  damages  in  favor  of  the  person  or  jwrsons 
jnjured,  that  arc  or  may  be  provided  hy  law  for  other  nuisances  or  tortious  aels. 

Section  3.  Where  any  decree  is  rendered  undc  r  this  act  deelaring  any  well  a  nuisanee 
lw*^'auseof  the  waste  or  unreasonabh-  us(^  of  its  wateis  and  direeting  the  abatement  thereof, 
such  decree  shall  specify  in  some  praetieahL-  niarnier  the  daily  amount  or  volume  of  water 
that  may  1m*  used  or  allowed  to  flow  therefrom  without  violating  such  drenM\  and  s|HH-ify 

IRR  182—06 3 


WELLS    AND   WATER   SUPPLIES   IN   SOUTHERN   MICHIGAN.        7 
WATER-BEARING  FORMATIONS. 

The  g:reater  part  of  the  Southern  Peninsula  is  covered  so  deeply 
with  drift  that  wells  do  not  reach  rock.  The  shaded  portions  of  the 
map  (PI.  I)  show  the  parts  of  the  State  where  rock  is  within  easy 
reach  of  the  drill  and  is  drawn  upon  to  some  extent  for  drinking 
water.  In  the  northern  end  of  the  peninsula  water  is  found  chiefly 
in  limestone  if  not  in  the  drift.  There  is  also  a  limestone  district  in 
the  southeastern  part  that  serves  extensively  as  a  source  for  drinking 
water;  in  some  cases  in  southeastern  Lenawee  County  the  wells  are 
driven  through  shale  to  reach  the  limestone.  The  extensive  district 
running  from  Hillsdale  and  Calhoun  counties  northeastward  to 
Satj^inaw  Bay  obtains  water  chiefly  from  sandstones  of  the  coal 
measures  and  from  the  Marshall  sandstone  if  water  is  not  found  in 
the  drift.  There  are,  however,  small  limestone  districts  in  this  region, 
the  full  extent  of  which  has  not  been  worked  out.  Sandstone  is  also 
drawn  upon  occasionally  in  western  Wayne,  southern  Washtenaw, 
and  northern  Lenawee  counties  in  the  deep  flowing  wells.  The 
Sylvania  sandstone  of  Monroe  Coimty  is  also  an  important  water 
hearer,  yielding  a  good  quality  of  water.  There  are  small  areas 
around  Grand  Rapids  in  Kent  and  eastern  Ottawa  counties  and 
around  Wayland  in  northeastern  Allegan  County  where  wells  are 
driven  to  the  Marshall  sandstone. 

Wat^r  is  found  in  the  glacial  formations  at  various  horizons, 
wherever  gravel  or  sand  chances  to  be  present.  The  clay  plains 
bordering  St.  Clair  River,  Lake  St.  Clair,  and  Detroit  River  are 
deficient  in  gravel  and  sand,  and  are  perhaps  the  poorest  water 
bearers  in  the  peninsula.  As  a  nile  water  in  large  quantities  is  easily 
obtained  in  the  drift.  Even  in  the  regions  where  wells  are  driven 
to  rock,  as  indicated  by  the  shaded  portions  of  PI.  I,  there  are  numer- 
ous wells  obtaining  water  from  the  li^lacial  deposits.  The  water 
from  rock  is  usually  softer  in  sandstone  areas  than  that  from  the 
overlying  drift,  and  for  that  reason  is  preferred  and  is  the  cause  for 
going  to  the  rock  in  many  instances. 

The  sand  along  the  present  shore  and  also  along  abandoned  shores 
of  the  Great  Lakes  is  often  of  sufficient  depth  to  furnish  water,  though 
not  that  of  the  best  quality  in  many  cases.  It  so  happens  that  these 
sand  deposits  occur  on  parts  of  the  lake  plain  where  the  glacial 
formations  are  deficient  in  water-bearing  beds  and  thus  become  of 
great  importance  locally.  In  general,  however,  the  water  from  the 
imderlying  glacial  formations  is  preferred  and  is  used  wherever  it 
can  be  easily  obtained. 

The  newest  formations  drawn  upon  for  water  are  the  beds  of  bog 
lime  bordering  the  little  lakes.     Pipes  are  driven  down  into  the  marl, 
sometimes  with  a  sledge  hammer,  far  enough  to  get  the  water.     I^ 
some  cases,  in  the  northern  part  of  the  State,  flowing  wells  have  b^r 
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River.     Mr.  W.  M.  Gregory,  of  the  department  of  physiography  in 
the  Cleveland,  Ohio,  high  school,  was  employed  during  July,  August, 
and  part  of  September  in  the  investigation  of  the  northwestern 
portion  of  the  Saginaw  River  basin,  and  also  of  flowing-well  districts 
in  the  northern  part  of  the  peninsula,  in  Cheboygan,  Emmett,  Grand 
Traverse,  Benzie,  and  Manistee  counties,  to  which  he  had  previously 
given   some    attention   in   connection   with   stream   measurements 
[  under  Mr.  Robert  E.  Horton.     Mr.  M.  L.  Fuller,  of  the  Geological 
\  Survey,  under  whose  direction  the  work  was  carried  on,  visited 
1  several  of  the  men  in  the  field  and  spent  August  and  part  of  Sep- 
tember in  an  investigation  of  the  deficiency  of  water  supplies  along 
the  Huron  River  Valley  near  Detroit  and  in  a  detailed  study  of  the 
flowing  wells  in  four  western  counties,  Oceana,  Newaygo,  Mecosta, 
and  Osceola.     Muskegon  County  was  investigated  by  Mr.  C.  D. 
McLouth,  of  the  department  of  physics  of  the  Muskegon  high  school; 
Kent  County,  by  Mr.  J.  F.  Nellist,  a  civil  engineer  of  Grand  Rapids; 
Bay  County,  by  Mr.  W.  F.  Cooper,  of  the  State  geological  survey, 
and  Wayne  County  by  Prof.  W.  H.  Sherzer,  of  the  State  Normal 
College  at  Ypsilanti,  who  also  furnished  the  data  for  the  report  on 
Monroe  County.     Doctor  Lane,  the  State  geologist,  investigated  and 
reported  on  conditions  in  the  vicinity  of  Lansing  and  also  prepared 
a  brief  report  on  Huron  County  condensed  from  his  more  elaborate 
State  report.     The  present  writer's  investigations  during  the  last 
season  were  chiefly  in  Sanilac,  Lapeer,  and  St.  Clair  counties,  on  the 
eastern  border  of  the  State,  and  in  Charlevoix,  Antrim,  and  Benzie 
counties,  in  the  northwestern  part.     Mr.  S.  J.  Lewis,  of  the  United 
f"    States  Geological  Survey,  was  detailed  for  a  special  investigation  of 
the  quality  of  waters  and  spent  about  a  month  in  the  State,  in 
January  and  February,  1905,  during  which  time  he  made  about  90 
analyses.     Dr.  V.  C.  Vaughan,  dean  of  the  medical  school  of  the 
University  of  Michigan,  kindly  placed  at  the  disposal  of  the  Survey 
a  large  number  of  analyses  made  for  sanitary  purposes  but  including 
determinations  of  hardness,  chlorides,  and  sulphates.     Field  analyses 
were  also  made  by  Messrs.  Fuller,  Gregory,  and  Bowman,  which  will 
be  found    in    connection    with    their    reports,  herewith    presented. 
Reports  were  submitted  by  all  those  engaged  in  this  investigation 
with  the  exception  of  Mr.  Udden,  who  merely  turned  in  his  tabulated 
data  and  notebooks.     Much  work,  however,  was  necessar\  in  order 
to  bring  the  several  reports  to  a  more  nearly  uniform  standard  and 
the  present  writer  has  amplified  portions,  inserted  additional  data 
at  many  points,  and  supplied  most  of  the  geologic  and  other  general 
descriptions.     The  several  reports,  however,  naturally  differ  some- 
what in  mode  of  treatment  according  to  the  personal  standards  of 
the  individual  writer. 
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upon  springs  and  surface  waters,  while  about  1,625,000,  or  two-thirds 
of  the  State's  inhabitants,  depend  upon  private  wells. 

There  are  37  towns  on  the  borders  of  the  State  with  a  population  of 
about  510,000  which  obtain  public  supplies  from  the  Great  Lakes  and 
their  connecting  streams,  St.  Marys,  St.  Clair,  and  Detroit  rivers. 
The  metropolis,  Detroit,  with  a  population  of  about  300,000,  is  among 
the  number.  The  water  from  this  source  is  not  so  hard  as  from  the 
majority  of  the  wells,  and  is  therefore  especially  suitable  for  boiler 
use.  In  an  unfiltered  state  it  is  often  found  to  be  unwholesome  and 
in  some  cases  dangerous  for  drinking  because  of  contamination  in  the 
vicinity  of  intake  pipes.  The  worst  epidemics  of  typhoid  in  the  State 
have  prevailed  in  towns  taking  their  supply  from  this  source.  It  is 
therefore  incumbent  on  the  cities  and  villages  thus  situated  to  put 
in  filtration  plants  with  up-to-date  methods  of  purification.  Indeed, 
all  surface  water,  including  that  from  springs,  streams,  and  inland 
lakes,  should  be  properly  filtered  before  it  is  used  for  drinking  or 
other  domestic  purposes. 

Many  of  the  inland  towns  have  taken  pubUc  supplies  from  the 
streams  and  inland  lakes,  the  population  of  such  towns  aggregating 
about  300,000.  In  not  a  few  cases,  however,  the  domestic  use  of  the 
public  supply  is  largely  restricted  to  closets,  baths,  and  lawn  sprin- 
kling, while  private  wells  are  used  for  drinking,  there  being  consider- 
able prejudice  against  drinking  the  pubUc  supply,  not  alone  for  fear 
of'its  contamination,  but  because  it  is  less  palatable  than  the  well 
water.  This  is  especially  true  in  hot  weather,  when  the  surface  water 
becomes  too  warm  to  readily  quench  tliirst.  The  streams  and  lakes 
are  seldom  rendered  objectionable  for  drinking  because  of  a  muddy 
condition  due  to  freshets,  for  on  account  of  the  prevalent  porosity 
of  the  soil  the  rainfall  is  absorbed  and,  except  in  clayey  districts,  is 
largely  supplied  to  streams  by  underground  seepage.  Only  the  most 
violent  rains  cause  much  disturbance  of  the  streams.  Michigan  is 
more  highly  favored  in  this  respect  than  the  neighboring  States. 

Of  the  cities  drawing  public  supplies  from  wells  only  5  had  in  1900 
a  population  of  more  than  10,000,  namely,  Jackson,  Kalamazoo,  Lan- 
sing, Ann  Arbor,  and  Manistee.  The  supply  at  Jackson  is  from  deep 
wells  in  sandstone  and  probably  is  not  excelled  by  any  city  in  the 
State.  Lansing  also  obtains  its  supply  from  sandstone.  The  three 
others  obtain  supplies  from  glacial  deposits  or  from  the  overlying 
gravel.  Many  smaller  cities,  the  majority  of  villages  with  public 
supplies,  and  several  of  the  State  institutions  are  entirely  supplied 
from  wells,  there  being  29  using  wells  in  rock,  and  104  using  wells  in 
the  drift,  while  15  others  are  supplied  in  part  from  wells  and  in  part 
from  surface  waier.  The  rock  wells  are  cliiefly  from  sandstone,  those 
from  limestone  hointr  almost  wholly  restricted  to  the  Northern  Penm- 
sula  and  to  the  northern  part  of  the  Southern  Peninsula.  Many  data 
concerning  the  public  as  well  as  private  supplies  from  wells  will  be 
found  in  the  special  reports  herewith  presented. 
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just  mentioned,  on  the  northwest  by  an  equally  prominent  morainic 
belt,  and  on  the  southwest  by  moraines  of  less  prominence  lying  in 
the  southern  end  of  the  State.  During  the  retreat  of  this  ice  lobe 
there  were  halts  at  several  lines  which  are  marked  by  small  morainic 
ridges.  These  small  ridges  serve  as  catchment  areas  for  flowing- 
well  districts  on  the  inner  or  iceward  border  of  the  nu  raines. 

West  of  the  district  covered  by  the  Saginaw  ice  lobe  is  another 
rolling  belt  of  country  running  from  the  southwestern  part  of  the 
State  northward  nearly  to  Grand  Traverse  Bay.     Like  the  belt  in 
the  southeastern  part  of  the  State,  this  contains  numerous  small 
lakes.     Its  altitude  ranges  from  about  800  to  1,700  feet,  the  highest 
point  being  a  few  miles  south  of  Cadillac,  in  northern  Osceola  County, 
near  latitude  44°  15'  and  longitude  85""  20'.     This  is  by  far  the  highest 
point  in  the  Southern  Peninsula,  there  being  few  others  which  exceed 
1,500  feet.     This  belt  was  formed  between  the  Saginaw  ice  lobe  and 
a  still  larger  ice  lobe  occupying  the  Lake  Michigan  basin.     It  is  a 
catchment  area  for  flowing-well  districts  on  each  side  and  there  are 
also  depressions  in  it  found  to  be  favorable  points  for  the  development 
of  flowing  wells.     This  belt  is  crossed  by  the  principal  rivers  of  south- 
em  Michigan  (the  Grand,  Kalamazoo,  and  St.  Joseph),  while  Mus- 
kegon River  has  its  source  in   it  in    the  north-central  part  of  the 
State,  and  leaves  it  only  a  few  miles  before  entering  Lake  Michigan. 
Along  the  eastern  border  of  Lake  Michigan,  from  the  southern  end 
of  the  State  northward  to  Oceana  County,  or  to  about  the  middle  of 
the  western  border  of  the  southern  peninsula,  the  country  is  gen- 
rally  low  for  a  few  miles  back  from  the  lake,  with  the  exception  of  a 
^tri])  of  dunes  formed   adjacent  to  the   present    beach.     But  from 
Oceana  County  northward  to  the  Strait  of  Mackinac  there  come  out 
to  the  lake  shore  at  frequent  intervals  headlands  which  are  the 
termini  of  prominent  ridges  that  form  or  connect  with  moraines  a 
few  miles  back.     The  low  tracts  between  these  headlands  are  favor- 
able places  for  the  development  of  Howinjx  wells. 

The  interior  of  the  northern  half  of  the  Southern  Peninsula  is  an 
elevated  tract  in  which  extensive  sand  plains  have  been  developed 
in  connection  with  the  moraines.  On  these  plains  and  on  some 
of  the  moraines  connected  with  them  there  fonnerly  stood  extensive 
tracts  of  pine  forest,  now  largely  cut  away.  Since  tlie  lumberinjx  days 
the  plains  have  been  developed  somewhat  for  agriculture,  but  are 
^ill  in  large  part  very  sparsely  settled. 

On  the  northeastern  border  of  the  peninsula,  from  near  Al])ena  to 
he  Straits  of  Mackinac,  rock  ledges  become  conspicuous  as  a  topo- 
^aphic  feature,  but  elsewhere  in  the  wState  they  are  subordinate  to  the 
glacial  features  outlined  above.  The  rock  led^^es  have  low  escarp- 
ments facing  the  northeast,  along  the  base  of  which  are  occasional 
small  lake  basins.  The  drift  in  this  region  is  thin,  and  wells  ure^ 
con.se(|uently  largely  in  rock.  jm 
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end  about  the  mouth  of  the  Raisin  extending  southwestward  into 
Erie  Township,  and  a  third  in  eastern  Berlin  Township.  The  flow  of 
water  is  exceptionally  strong  in  some  of  these  wells.  Thus,  at  the 
Greening  Brothers'  nurseries,  south  of  Monroe,  the  water  reaches  the 
surface  with  force  enough  to  run  sprinklers,  and  has  a  head  of  at  least 
12  feet.  Eastward,  at  Lake  Erie,  at  the  Lotus  House,  are  two  flow- 
ing wells  in  which  the  water  will  rise  20  feet  above  the  surface,  or 
25  feet  above  the  Uke.  The  heaviest  flow  of  artesian  water  in  this 
belt  was  struck  in  September,  1899,  on  the  south  bank  of  Otter  Creek, 
2i  miles  southeast  of  Lasalle,  at  the  residence  of  Edward  Sharkey. 
The  well  is  51  feet  deep  and  enters  rock  6  to  8  feet,  and  has  a  diameter 
of  3  inches.  The  water  came  with  such  force  that  when  a  plug  was 
driven  into  the  pipe,  which  prevented  it  from  escaping  freely,  the 
water  began  to  rise  through  the  clay  around  the  mouth  of  the  well  and 
formed  a  shallow  lake  about  100  feet  across.  The  plug  was  afterwards 
withdrawn  and  an  8-inch  pipe  inserted,  from  which  a  stream  2  feet 
broad  and  4  inches  deep  flowed  to  Otter  Creek. 

MIDDLE    ARTESIAN    BELT. 

The  middle  belt  consists  of  three  detached  areas  extending  in  a 
northeast-southwest  direction  across  the  county.  The  southernmost 
is  a  narrow  area,  3  miles  long  by  half  a  mile  wide,  in  Bedford  Town- 
ship east  of  Lambertville.  The  head  is  slight,  the  highest  rise  noted 
being  about  6  feet.  The  most  northern  area  of  this  belt  is  in  north- 
eastern Exeter  and  northwestern  Ash  townships,  where  a  rise  of  3 
feet  above  the  surface  is  about  the  limit.  The  water  usually  con- 
tains hydrogen-sulphide  gas,  and  some  of  the  wells  proved  so  ofl"eiisive 
that  they  were  plugged.  In  northeastern  Ash  Township  and  north- 
western Berlin  Township  the  wells,  as  noted  in  the  report  by  Fuller, 
have  nearly  all  ceased  flowing.  The  portion  of  this  middle  belt  in  the 
central  part  of  the  county  is  a  large  irregular  area  ovel*  which  flows 
are  scattered,  occurring  ordinarily  only  on  the  lowest  groimd. 

MILAN-COXE    DISTRICT. 

This  district  lies  in  the  nortliwestern  township  of  the  coimty  and 

occupies  a  strip  less  than  1  mile  wide  and  about  6  miles  long,  leading 

from  the  village  of  Milan  southwestward  past  the  village  of  Cone. 

Some  of  the  wells  have  been  flowing  about  fifty  years,  and  show  no 

marked  decrease,  but  the  water  rises  very  little  above  the  surface. 

Indeed,  the  flows  are  confined  chiefly  to  a  low  strip  lying  under  a 

beach  line,  where  the  surface  had  been  cut  a  little  below  the  general 

level  of  the  plain.     Immediately  back  of  this  beach  to  the  west  the 

water  rises  to  an  altitude  greater  than  that  at  the  flowing  wells,  but 

not  quite  high  enough  to  come  to  the  surface.     Still  farther  west  is  a 

flowing-well  district  which  touches  the  northv/est  corner  of  Monroe 
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County,  but  lies  largely  in  Lenawee  and  Washtenaw  counties,  and  is 
discussed  under  the  Lenawee  County  supplies.**  This  district  was 
included  by  Sherzer  with  the  Milan-Cone  district. 

The  flowing  wells  of  the  district,  of  which  tabulated  data  are  pre- 
sented below,  all  fall  within  Milan  Township.  The  distance  to  rock 
increases  from  about  40  feet  in  the  southeastern  part  to  150  feet  or 
more  in  the  northwestern.  This  is  due  partly  to  an  increase  of  alti- 
tude to  the  northwest,  the  southeastern  part  being  650  feet  and  the 


\ 


R.    S     C.  R.    €    E. 

Fio.  4.— Map  of  York  and  Mlbin-('oni'  llowliig-UTll  districts. 

northwestern  740  feet  above  tide.  The  towiisliip  is  sand  coverecT^ 
only  in  the  eastern  part,  and  there  the  wells  are  shallow,  as  in  Londor^ 
Township.  Elsewhere  the  wells  generally  find  siip])lies  wiihoi?'  reach^ 
in<^  rock  at  depths  ranj^inj^  from  25  to  150  f(»e( .  A  few  wells  have  been 
drilled  into  roek  on  the  borders  of  the  flowin^^'-well  district  with  a  view 
to  obtainintr  a  flow,  but  adecpiate  supplies  of  water  were  foind  in  the 
drift.  The  flowinji:  wells  of  the  extreme  northwest  corner  of  the 
townshi])  are  discussed  in  the  report  on  Lenawee  County." 


oSce  York  flowing-well  district,  pp.  82-SO. 
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CM.  Blackmar 

J.  <&  E.  Oauntlett. 

H.C.8U1 

W.N.Reeves 

A.J.Meaic 

R.C.AUen 

S.  Campbell 

A.Shaler. 

Warren  Lewis 


C.Reeves 

(?) 

Wm.  Lee,  Jr. 


E .  side. !  Mrs.  L.  Van  Wormer 


S W.  J I  N.  Holcomb. . 

W.side (?) 

E.slde. I  (?) 

S.  side !  Thos.  Welch. 


Depth. 

Eleva- 
tion. 

Feet. 

Ftei. 

40 

680 

40 

680 

20± 

680 

20 

680 

20 

680 

20 

680 

20 

680 

65 

682 

35 

682 

60 

680 

70 

682 

67 

678 

(?) 

685 

40 

680 

(?) 

682 

75 

680 

(?) 

685 

(?) 

685 

60 

685 

Water 
rises 
to— 


Remarks. 


E.aide EraatxisCone. 


E.  side. . 
SE.  J... 


1  !  E.side. 


Center. . 
W.alde. 
W.side. 


JohnDeniaon.. 
(?) 

Henry  Wilcox. . 

T.Caswell 

II.  Downing... 
George  Auten.. 


SW.  J AlvinCone. 

W.side Mrs.P.Nolan-. 

NW.4 AlvinCone. 

W.siae A.  Vanderwcnter. 

N.  side do. 

N .  side Jacob  Clirry 

W .  side i  Peter  Tlngfey . . . 

W.  side ;  Frank  Packard . 


25±  I 
30      I 


75 
75 
26 


25 
35 
60 

2S 
(M) 
«K) 
50 
54 


684  ' 
600  I 
682  , 

685  i 
682 


680 
680 
679 
(WO 
(V80 
CSO 
082 


WE.  side '  Thos.  Caswell . 


I 


54 


Feet. 

688 
682 


685 


685 
685 


676  1 

690 

685 

685 

685 
660  '•■ 
600 
699  ! 

I 

692 
692 
690 


690 


685 
685 
f}75 
6S.') 
685 
6S5 
685 


Strong  flow;  south  of  Saline  River. 
Weak  flow;  south  of  Saline  River. 

1  North  side  of  Saline  River;  about 
20  feet  in  depth;  flows  weak  to 
moderate. 

Well  in  shallow  sag. 
Made  about  50  years  ago. 
Moderate  flow;  water  chalybeate. 
Three  flowing  wells,  60,  61,  and  70 

feet;  moderate  flows  from  sand 

below  till. 
Strong  well;  soft  water. 

Well  made  about  1870;  moderate 

flow. 
Strong  flow;     made  many  years 

ago. 
Strong  flow. 
Two  strong  flows. 

Do. 
Two  flows,  now  choked  with  sand; 

one  3-inch  well  made  25  years; 

the  other  1-inch  well  made  18 

years  ago. 
Pioneer  well,  made  over  50  years. 
Good  flow  for  the  altitude. 
Two  flows,  one  at  only  10  feet, 

another  a  few  feet  deeper. 
Two  weak  flows,  79  and  84  feet, 

from  sand  below  till;  water  soft. 
Strong  flow. 

Flows  3  gallons  per  minute  from 
1-inch  pipe  3  feet  above  ground; 
has  been  flowing  50  years. 

Strong  flow.  ""^ 

Not  in  use. 

Weak  flow. 

Pump  well. 

Flow  in  field. 
Do. 

Water  from  sand  under  cemented 

crust  l>elow  till. 
Water  from  sand  below  till. 


o  Data  collected  by  Levorctt  in  1003. 


lx)n(lon  Township,  which  borders  the  Milan-Cone  district  on  the 
St,  is  largely  sand  covered  and  has  few  deep  wells.  The  distance 
rock  ranges  from  20  to  more  than  100  feet,  the  drift  being  thickest 
the  northwest  comer.  So  far  as  ascertained,  no  flowing  wells  have 
en  obtained  in  the  township.  The  ordinary  deptli  of  wells  is  aboiU 
>  feet;  but  some  along  the  north  border  reach  50  to  60  feet  and  enter 
•ck.     There  are  also  a  few  rock  wells  scattered  over  the  tinvnship. 

WKL,L.  DATA  BY^  TOWNSHIPS. 

The  tabulated  well  records  given  below  were  collecte  1  and  arranged 
y  Prof  W.  H.  Sherzer.  They  show  conditions  at  the  time  of  liLs 
udies,  which  were  completed  in  1S99.  In  some  townships  only 
eueral  statements  are  fiiniished. 


/^ 
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WeUs  of  Monroe  County — Continued. 

DUNDEE  TOWNSHIP  (T.  6  S.,  R.  6  E.). 

[Rock  usually  at  30  to  40  feet,  but  sometimes  11  to  70  feet  or  more;  depth  of  wells  10  to  103  feet.] 


Sec-     Part  of  sec- 
tion,         tion. 

Owner. 

Depth 

of 
weU. 

Depth 

to     1                           Remarks, 
rock.  ! 

1       . 
7  1 

StrohenBall 

Feet. 
93 
72 
64 
62 
103 
40 

Feet. 
65      ;  Sulphur  water,  probably  from  rock. 
72     1  40  feet  of  water;  drift  all  clay. 

8 :  :       : : 

j.Aiser.. *.......:::: 

10    

Erwm  Smith 

58     '  40  feet  of  water;  from  rock. 

15  ' 

A.Richards 

48      1 

20  !:::::::::::::: 

Wm.  Hazen 

70     \  Sulphur  water;  some  gas  at  20  feet. 

22 

R.  IngerBoU ......  . 

38+  ,  Weak  well  with  iron  and  sulphur. 

SUMMERFIELD  TOWNSHIP  (T.  7  S.,  R.  6  E.). 

[Wells  in  surface  sand,  14  to  16  feet  deep;  near  base  of  drift,  40  to  62  feet  deep;  in  rock  70  to  97  feet  or 
more.    Depth  to  rock,  20  to  60  feet.] 


4 

E.W.  Cornell 

L.  Plumodore 

C.  L.  Goodrich 

40 
70 

77 

40 
45 
58 

Water  from  gravel. 

5 

18 

Center 

Water  from  rock,  has  sulphur  and  iron. 
A  little  gas. 

•  WHITEFORD  TOWNSHIP  (Tps.8-9  S.,  R.6  E.). 

[Deepest  drift  south  of  Ottawa  Lake;  shallow  wells  in  sand  have  soft  water;  deep  wells  both  in  glacial 
deposits  and  rock;  depth  to  rock  0  to  100  feet;  water  hard;  no  burning  gas  and  little  H«S  gas;  many 
sink  holes;  wells  often  at  base  of  drift.] 


5 

Chas.  Stefflns 

73      , 
100       . 

72      1 

80 
116 
114 

40      1 
104      1 

122      , 
42+ 
fiO 

75      1 

20 

■   "26' 
18 

■"26" 

12 
24 

25 
0 
6 

22 

8 

JohnPettit. 

Sink  hole  in  limestone  on  same  farm. 

17 

Wm.  £.  Jenne 

Chas.  Jacobs 

Rock  at  9  feet  20  rods  southeast. 

18  1 

Strong  in  sulphur. 

19  i 

J.  Kummerow 

Fred  Aldrich 

?ol 

28 

8W.  J 

29  > 

SW.part... 

G.  LoveweU 

Sweet  water:  limestone  at  30  feet;  shalo 

30 

55  feet. 
Hard  rock  called  "flint,"  and  sandstone. 

34  ; 

Mill 

Roc!k  near  surface  for  J  mile  radius. 

:5l 

D.  Dolby 

«>5  1 

F.  Gibbs 

Soft  and  crumbly  rock. 

1 

o  T.  9  S.;  all  the  others  in  T.  8. 


IDA  TOWNSHIP  (T.  7  S.,  R.  7  E.). 

» ood  wells  easy  to  obtain;  rock  in  places  very  near  surface  near  Ida  and  Lulu  villages:  flows  on  oast 
side  of  township;  depth  of  wells  10  to  4s  feet;  depth  to  rock  3  to  32  feet.] 


3  8E.4.. 

4  SE.I.. 
7  I  SE.  J.. 
9  1  NW.  J 

11  '  SW.  J. 

13  ]  SE.J., 

14  I  S.side 

15  1 

24   

I 

^       1 


R.  Gregory 

Julius  Frank... 

C.  Hansen 

K.Vogelsang... 

Chas.  Stoty 

L.  Hutting 

Mrs.K.  Traub.. 

BiUmire 

M.Strabel 

Frank  Long 


32 
23 


12 
30  , 
20 


Well  in  sand. 

Hard  water  from  rock. 

White  sand  (rock?)  yields  water. 

Ifioth  wells  flow. 


...   Hard  water:  no  rock - 

48  I ( "oukl  not  case  hole  because  ol  su  nd . 

(?)     I     (?)     .  Flowing  well:  there  are  several  flows  in 
I  section. 
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obtained  by  penetrating  the  marl  a  few  feet.  Conspicuous  i 
are  found  on  the  borders  of  Pine  Lake  at  East  Jordan,  Sot 
and  Boyne,  and  on  the  borders  of  Intermediate  Lake  near 

STRUCTURE  OF  DRIFT. 

The  structure  of  the  drift  is  intimately  related  to  the 
conditions  that  attended  the  melting  of  the  ice.  It  is  more 
in  Michigan,  both  on  the  surface  and  below,  than  in  a  larg< 
of  the  neighboring  States  of  Oliio,  Indiana,  and  Illinois. 
States  the  till,  or  commingled  drift,  greatly  predominates 
sand  and  gravel,  or  assorted  drift,  and  contains  a  large  pe 
of  fine  clayey  material.  In  Michigan  sand  and  gravel  forn 
part  of  the  dnft,  and  much  of  the  till  is  loose  textured.  T 
amount  of  loose-textured  drift  seems  attributable  to  the  vol 
discharge  of  water  resulting  from  the  convergence  of  ice  lobi 
best  developed  on  the  high  portions  of  the  State,  which  were 
between  the  ice  lobes.  The  most  clayey  portion  of  the  drift 
in  plains  bordering  the  lake  basins.  On  these  plains  more  < 
is  found  in  obtaining  adequate  supplies  of  water  than  in  th 
tracts  bordering  them.  Portions  of  the  plains  have  a  thin 
of  sand  deposited  in  the  beds  of  the  Glacial  lakes  that  cover 
after  the  withdraw^al  of  the  ice,  and  in  these  localities  ma 
draw  their  supply  from  the  surface  sand. 

Flowing  wells  are  usually  found  under  a  bed  of  clayey  d 
for  this  reason,  as  well  as  because  of  topographic  conditi 
largest  artesian  districts  are  found  on  the  old  lake  plains.     (S 

The  clayey  drift  differs  greatly  in  degree  of  induration  at 
horizons,  and  the  sand  and  gravel  also  become  cemented  a 
horizons.  The  induration  in  the  clay  or  till  seems  to  be  1 
result  of  secondary  changes  produced  slowly  and  is  in  some 
index  of  age.  The  surface  till  sheet,  which  is  of  the  Wiscons 
is  generally  a  soft  adhesive  clay  even  where  very  fine  textii 
well  diggers  and  drillers  find  very  little  difficulty  in  penetr 
Below  this  the  drift  is  found  to  be  extensively  indurated, 
excavation  is  difficult  and  the  till  approaches  a  shale  in  its  re 
The  precise  nature  of  the  induration  has  not  been  ascertaine 
thought  that  much  of  this  indurated  clayey  drift  was  depos 
Glacial  stage  earlier  than  the  one  which  formed  the  upper  pa 
drift,  probably  the  Illinoian  stage.  In  some  places  a  soil 
between  the  two  sheets  of  till,  showing  that  an  interval  s 
them.  The  buried  soils  are  much  more  abundant  in 
Indiana  than  in  southern  Michigan,  but  they  have  been 
well  borings  as  far  north  as  Bay  and  Oceana  counties. 

Another  kind  of  induration  of  the  drift  is  very  common  in 
well  districts.     Just  above  the  water  bed  which  yields  th< 
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^VVATER    SUPPLIES  OF  THE    LOWER    HURON    RIVER 

REGION. 

By  Myron  L.  Fuller. 

INTRODUCTION. 

In  the  late  spring  and  early  summer  of  1904  the  shallow  wells 

throughout  the  region  adjacent  to  the  lower  portion  of  Huron  River, 

in  southeastern  Michigan,  which  up  to  that  time,  except  for  short 

^  seasons  of  drought  and  resulting  weakness,  had  yielded  abundant 

]  supplies  of  water,  showed  signs  of  failing.     As  the  summer  progressed 

f  the  shortage  became  more  severe,  making  it  necessary  in  many  cases 

to  materially  deepen  the  wells  in  order  to  secure  the  water  necessary 

for  ordinary  domestic  and  farm  purposes. 

In  July,  1904,  Mr.  Leverett  made  a  reconnaissance  in  the  vicinity 

of  Carleton,  Flat  Rock,  Willow,  and  Waltz,  determining  the  general 

~   conditions  as  regards  shortage.     In  August,  the  shortage  still  con- 

"  tinning,  the  writer  visited  the  field  and  made  a  more  detailed  study 

of  the  conditions  of  the  wells  and  of  the  causes  of  their  failure,  the 

results  of  which  are  presented  herewith. 

1      Acknowledgments  for  certain  geologic  and  well  data  are  made  to 

I  Dr.  A.  C.  Lane,  Mr.  Frank  Leverett,  and  Prof.  W.  H.  Sherzer. 

./  Thanks  are  also  due  to  Mr.  James  Swan,  of  Detroit,  owner  of  the 

1   Grosse  Isle  well,  and  to  Mr.  Edward  Ready  and  other  residents  of 

I   Carleton  for  courtesies  rendered. 

OENERAL  STATEMENT. 

The  region  in  which  the  shortage  of  water  in  1904  was  earliest  felt, 

,    and  in  which  it  was  severest,  is  a  belt  perhaps  10  miles  wide  alon^ 

the  borders  of  Wayne  and  Monroe  counties,  extending  in  a  northwest- 

:]     southeast  direction  about  20  miles,  parallel  with  and  including  Huron 

,     Hiver,  and  reaching  from  a  point  near  New  Boston  to  the  mouth  of 

'i    the  river  at  the  head  of  Lake  Erie.     The  greater  part  of  the  affected 

->i    belt  lies  south  of  the  river,  only  a  strip  a  mile  or  two  in  width  falhng 

!    on  the  north  side.     The  shortage  was  most  pronounced  along  Swan 

:    Creek,  which  parallels  Huron  River  at  a  distance  of  3  to  5  inik\s  on 

f    the  south.     South  of  Swan  Creek  the  wells  are  alFected  only  for  a 

j    short  distance,  usually  not  more  than  2  or  3  miles. 

f       The  villages  principally  affected  are  Willow,  Waltz,  Carleton,  Flat 

Rock,  and  Rockwood.     In  the  portion  of  the  ])elt  east  of  Kockwood 

and  Newport  and  between  these  towns  and  the  lake  no  shortaire  was 

reported  up  to  Au^^st,  1904. 

The  entire  region  is  very  flat,  and  the  stream  channels  are  shallow. 
The  soil  is  generally  clayey,  although  locally  the  clay  is  overlain  by 
thm  sheets  of  sand,  which  in  places  take  the  sliape  of  low,  flat, 
northeast-southwest  ridges  representing  old  beach  lines  of  the  lake 
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which  formerly  covered  the  region.  The  sand  has  also  been  shaped 
in  places  into  ridges  by  the  wind.  The  country  has  a  gentle  slope 
southeastward  toward  Lake  Erie,  usually  not  exceeding  5  feet  to  the 
mile,  and  this  governs  the  stream  courses. 

The  climate  is  tempered  to  a  certain  extent  by  the  proximity  of 
Lake  Erie,  being,  with  the  exception  of  the  southwest  comer  of 
ACchigan,  the  warmest  in  the  State.  The  average  minimum  tempe^ 
ature  is  39°,  the  average  maximum  57°,  and  the  average  mean  48°. 
The  rainfall,  which  is  about  30  inches,  is  low  compared  with  the  mofii 
favored  portions  of  the  State,  where  it  reaches  35  to  40  inches,  and 
is  less  than  on  the  headwaters  of  Huron  River.  Normally  the  rain- 
fall is  lowest  in  January,  when  it  is  less  than  2  inches  a  month,  and 
highest  in  May  and  June,  when  it  exceeds  3.5  inches  a  month. 

GEOLOGY. 

SURFACE   MATERIALS. 

The  material  overiying  the  rock  in  the  region  consists  of  a  clay 
with  an  admixture  of  sand  and  pebbles,  technically  called  till,  which 
is  not  usually  arranged  in  definite  layers  as  in  stratified  deposits, 
but  is  a  heterogeneous  mixture,  although  occasional  beds  of  quick- 
sand or  gravel  or  even  scattered  bowlders  may  occur.  In  consistency 
it  is  tough  and  clay  like,  and  is  of  a  grayish-blue  color  when  fresh, 
but  becomes  yellowish  through  oxidation  of  the  iron  on  exposure  to 
the  weather  at  the  surface.  Some  surface  bowlders  occur  in  the 
part  of  the  area  nearest  Detroit  River. 

Although  having  a  flat  surface,  the  tliickness  of  the  drift  varies 
because  of  differences  in  the  elevation  of  the  underlying  rock  surface, 
which  reaches  much  nearer  to  the  top  of  the  ground  in  some  places 
than  in  others.  The  clayey  deposits  are  15  to  60  feet  or  more  in 
thickness,  25  to  30  feet  being  a  fair  average  in  the  regions  back  from 
the  streams.  The  streams,  however,  have  cut  their  channels  into 
the  clay  to  some  deptli  and  may  even  have  cut  entirely  through  it 
into  the  rock.  Occasionally  the  rock  reaches  nearly  or  quite  to 
the  ordinary  surface,  as  at  the  large  quarries  at  Newport. 

In  a  broad  way  the  tliickness  of  the  clays  may  be  said  to  increase 
as  Detroit  lliver  and  Lake  Erie  are  approached.  West  of  Carleton 
the  thickness,  as  shown  by  wells,  is  commonly  about  30  feet.  East 
of  that  town  the  depth,  though  variable,  is  sometimes  as  much'  as  60 
feet,  while  near  Rockwood  it  may  be  equally  great. 

The  bowlders  and  the  unstratified  materials  were  derived  from 
the  ice  sheet  which  once  invaded  the  region  or  from  a  succession  of 
such  invasions,  but  the  pockets  and  thin  beds  of  gravel  and  sand 
wliich  are  included  were  deposited  by  water,  perhaps  in  some  cases 
simultaneously  with  the  .glacial  deposits,  wliile  the  sand  beds  which 
cover  portions  (^f  the  drift  surface  arc  the  product  of  lakes  which 
occupied  the  region  after  the  retreat  of  the  ice. 
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ROCKS. 

rhe  rocks  underlying  the  clays  in  the  lower  Huron  River  region 
isist  of  limestones,  sandstones,  shales,  etc.,  arranged  in  belts 
sending  in  a  northeast-southwest  direction,  or  at  a  right  angle  to 
>  course  of  Huron  River.  They  are  reached  by  all  but  the  shallow 
g  wells,  and  afford  the  greater  part  of  the  ground  water  found  in 
5  region. 

In  the  northwestern  portion  of  the  area,  or  beyond  a  point  a  couple 
miles  northwest  of  Carleton,  the  rock  is  the  Dundee  limestone,  a 
rly  pure,  light-colored,  flint-bearing  Devonian  limestone,  perhaps 
0  feet  in  thickness,  dipping  northwestward  20  to  25  feet  to  the 
He.  It  is  characterized  by  waters  more  or  less  charged  with 
ilphur  in  the  form  of  hydrogen  sulphide. 

Below  it  lie  the  upper  Monroe  beds  of  drab  Magnesian  limestone 
r  dolomite,  sometimes  carrying  sand,  gypsum,  and  other  minerals, 
"he  dip  is  similar  to  that  of  the  Dundee  limestone.  The  waters  are 
Ard,  but  are  not  characterized  by  much  sulphur. 

Next  below  is  the  Sylvania  sandstone,  a  white  sandstone  out- 
ropping  beneath  the  clay  from  a  pomt  about  a  mile  east  of  Carleton 
early  to  the  mouth  of  Huron  River.  The  dip  is  somewhat  flatter 
lan  that  of  the  preceding  formations,  and  is  more  to  the  north  than 
)  the  northwest.     It  yields  water  of  good  quality. 

Last  are  the  lower  Monroe  beds,  which  are  generally  similar  to  the 
mestones  and  dolomites  constituting  the  upper  part  of  the  Monroe 
eds  already  described,  but  are  often  more  siliceous  than  the  latter, 
hey  outcrop  parallel  to  the  Sylvania  sandstone  in  a  narrow  belt 
long  Lake  Erie  and  Detroit  River.  Their  waters  carry  some 
Lilphur. 

WATER  SUPPLIES. 

Within  the  region  under  discussion  the  water  supplies  vary  con- 
iderably  in  composition,  head,  volume,  and  shortage  in  time  of 
rought.  The  wells  are  dug,  drilled,  or  a  combination  of  the  two. 
'he  flowing  wells  may  be  grouped  in  four  areas:  (1)  Willow-Exeter; 
2)  Swan  Creek;  (3)  Huron  River;   (4)   Rockwood. 

WILLOW-EXETER    REGION. 

The  name  Willow-Exeter  region  is  applied  to  the  area  now  or 
onuerly  furnishing  wells,  which  extends  from  the  vicinity  of  Willow 
outhwestward  past  Waltz  into  the  northeastern  part  of  Exeter 
Township,  Monroe  County  (in  sees.  1,  11,  12,  13,  and  14,  with  parts 
'f  sees.  2,  10,  and  15).  The  belt  lies  transversely  to  the  drainat^e 
'f  the  region  and  is  located  mainly  over  the  outcrop  of  the  Dundee 
imestone. 
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Tlio  dug  wells  obtain  a  ven-  limited  supply  of  nonsulphur  waUr 
from  the  clays  and  associated  gravel  and  sand.  The  drilled  wells  pai 
through  the  clay  and  penneate  the  rock  sufficiently  to  obtain  water 
strong  in  sulphur,  wliich  will  frequently  flow  at  the  surface.  Tk 
combined  dug  and  drilled  wells  are  usually  dug  about  15  feet  andi 
small  drill  hole  continued  from  the  bottom  down  to  the  rock,  whid 
is  usually  penetrated  a  foot  or  two.  Such  wells  are  particulaiif 
adai)ted  to  those  cases  where  the  water  will  rise  nearly  but  not  quiJi 
to  the  surface.  They  furnish  opportunities  for  storage  and  will  oidi' 
narily  yield  more  water  than  the  simple  pipe  wells,  for  thelatttf 
may  become  clogged  when  water  is  most  needed. 

The  depth  of  the  wells  varies  from  about  15  feet  to  55  or  60  feet, 
of  which  usually  all  but  a  foot  or  two  is  through  clay.  The  am 
has  been  spoken  of  as  one  of  flowing  wells,  but  it  is  generally  onlyii 
the  lower  points  near  the  streams  or  in  sags  of  the  surface  thatgool 
Hows  are  obtained. 

Tlie  portion  of  the  district  near  Willow  was  visited  on  July  18, 
1904,  l)y  Mr.  Leverett,  who  furnished  the  data  in  the  foUowinj 
paragraph: 

Exteiulin^  a  mile  ur  mon*  lx)th  tti  the  east  and  wist  of  Willow  is  a  line  of  flowing 
iiverajjing  00  feet  in  depth  and  obtaining  sulphur  water.  Tliey  all  draw  from  the  siW 
horizon  und  have  always  interfered  more  or  less  with  one  another.  The  flowing  ippUcI 
1  lenry  Ludwig.  on  the  west  side  of  the  NW..  J  see.  28,  whieh  penetrated  50  feet  of  clay,*t«., 
with  a  <  ni<t  at  its  base  l>efore  entering  the  roek  seems  to  have  had  a  mariccd  effect  ontte 
wells  near  tlie  villag*'  of  Willow,  redueing  their  head,  or  even,  in  some  cases,  stopping  tbf 
fl«»w  uhogethrr.  The  latiT  wells  in  Willow  have  nnlueed  the  head  of  those  earlier  dkIbi 
Imtli  ill  tiiKJ  wr^t  of  llie  village. 

Tlu*  i'ollowintr  table  presents  the  main  data  collected  by  the  writtf' 

Wflh  in  WUlfur'F..rtUT  tnjion. 


H.'a  1. 

Mvtion.  ^^^^"•^-  r      M«xi-;rn's-     noted. 

X      niiHTi.]  f'lit. 


KomarkH. 


Ffif.    Ftft.,  Fnt. 

'•     17     sw.',...    li.WutMlwHni lt>   s   TvpicalwoUmclay;  no«ior*» 

ape. 

'.»     is     si:.;.   ..    J.  .1.  l.iickt^ 4'>     ---''>,      '^)   Typical  sandstone  well;  gooft 

water;  no  shortaso. 

■»     lVi     N\\.;..    I.  S.  Anki'rl)ran'lt .'      2!         M  ,      17     .luno Tiled  well:  roily  before  stom- 

*.•     -M     (  enter . .    Krank  \\  oodwa nl .  | Two    wells,    type    unknown; 

I  both  drv. 

*.»     I'.»     N'l:. ',...    (JeorpMJurp'.ss ,      ix  i;        lo   Sandstone    well;     plenty  ^ 

I  water  left. 

'.)     l*<     s\\.  ;...    Frank  Diislieek '      .'«      4   (»  '      vj   rienty  <.f  water  by  pumpta^- 

s|  I,i     SK.l John  Wen/el '      41  0  !       fi    No  shortage:    Randstone  wa- 

ter. 

X     i:{     XK.;...   .lumes  I>unn I  ■       :i     .inly I'lcntv  of  sulphur  water;  » 

?:urfa«t^  will;  gtTos  dry  ev«fy 
w»ns«'n. 

s     l;i     sw.i...   J.Crhnins -  .S  I    -  :i   Sulphur  water:    ^-ent  dry » 

I  I      spnnp.  lut  water  PRturnf^ 

I  '  ,      on  eleaninp. 

.s     i;{     NW.  I..    Henry  Kinpsley...       2S     +  0  i  -  2  ;  July Sulphur  water:   another  w«» 

Rtill  flows. 

s     13     (enter..    Kdw.  Nnvarrp ' , I^wer.*d.  hut  still  plenty.     , 

s     11     NK.  1...    Frank  Ochs -»     ±  0  '  ±  »»  .  1902 Plenty  of  sulphur  water.  bU' 

'  I  '  le.s9  than    wfore  1902:    J»* 

i  :  recent  shorlttp'. 
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WeUa  in  WUhw-Exeter  region — Continued. 


«j    g      Part  of 

^  I  S  1  section. 

S     CO 


8    24    

8    14     Cenc«r. 

8  1  14  1  Center. 


Owner. 


I 


Head. 


I  Shortage 

"%     Maxi-'  Pree-    noted,    i 
^     mum. I  ent.  ' 


Remarks. 


j  John  Theisen. 
'  D.  Llvomois.. 
i  F.  Maynes 


I  Feet.    Feet  J  Feet. 


20   

30  !  +  3  I 


8    14 
8    10 


Center..!  PhUipZink i      30  ' 


NW.J 

SE.i 


-  4    . 


.1  F.Maynes  (field) .  .1      33  L 
.     J.W.Zink 37  I 


8    11     SW.i... I  John  Murphy '      351  +  0, 


0  I 

3  '  -  8 


82,  SW.J...,  C.S.Davis. 


R  11  NW.  i  . 
8  1  2  S.  side  . 
8      1,  SE.J.. 


A.  W.  Dexter. 

A.  Fay 

M.Vasher 


32+4 


+  3  I 


8  I    1     SW.  J. .  .1  F.  Llvemols. 


I  j  12  ,  SW.^.. 
8    12  '  SW.J.. 
I 
SW.J.. 

18  i  NW.  J . 

7  I  SE.J.. 


.1  Wm.  Qanos. 
.,  Sam  Ganofl.. 


Jbseph  Discher. 
C.  Heinzerling.. 
J.  J.  Lucke 


9|    7  I  NE.J...J  J.H.Jewell.. 

1    ,  : 


40  I 
44 


-  3 

-  8 
-14 

-  3 


1903.... 
Spring. 


Good  flow  Just  struck. 

No  sulphur;  plenty  of  water. 

Sulphur  water;  no  recent  dc* 
cune. 

Sulphur  water;  as  much  as 
usual. 

New  sulphur  well. 

Alwavs  improved  by  cleaning. 

Sulphur  water;  failed  once, 
but  flowed  again  on  clean- 
ing. 

Fresh  and  sulphur  well;    no 
unusual  shortage. 
Do. 
Do. 

Sulphur  water;  weakened,  but 
supply  returned  on  cleaning. 

Stopped  at  first,  and  perma- 
nently weakened  by  Vasher 
well.  • 

No  change;  sulphur  water. 

No  change;  sulphur  water; 
surface  wells  dry. 

No  shortage;  surface  wells 
fuU. 

Sulphur  water;  no  unusual 
shortage. 

Sulphur  well;  improved  by 
cleaning;  surface  wells  all 
right. 

Sulphur  water;  flowed  up  to 
May. 


An  examination  of  the  above  table  will  show  that  the  conditions 
p  not  uniform.  Several  surface  wells  are  reported  dry^,  while  in 
hers  the  supply  seems  to  be  the  same  as  usual.  No  decrease  is 
ted  in  the  wells  in  the  sandstone,  and  most  of  the  limestone  wells 
ielding  sulphur  water)  show  little,  if  any,  material  shortage,  although 
ners  report  losses  which  in  several  instances  were  returned  wholly 
in  part  after  cleaning.  Some  interference  exists. 
The  shortage  appears  to  be  such  as  w  ould  accompany  an  unusually 
y  season.  The  moderate  decrease*  due  to  drought  has  not  been 
iforin,  but  was  felt  first  by  the  shallower  wells,  or  by  those  yield- 
l  small  supplies,  and  last  by  the  deeper  and  stronger  wells.  The 
Terence  is  generally  most  noticeable  in  the  flowing  wells,  for  a 
Terence  of  a  foot  or  two  in  head  may  determine  whether  a  well  will 
w.     Shortage  in  previous  years  is  reported. 

Tlie  elevation  to  which  the  water  will  rise  declines  from  622  feet 
ove  sea  level  in  the  western  part  of  sec.  14,  T.  5,  R.  8,  to  600  feet 
ar  the  east  line  of  sec.  19,  the  next  township  east,  or  a  little  over 
eet  to  the  mile.  This  indicates  a  source  of  supply  from  the  west, 
[)bably  not  more  distant  than  the  glacial  hills  near  "^'psilanti. 
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CARLETON   REGION. 

The  Carleton  region  is  one  of  nonflowing  wells,  lying  between  the 
Willow-Exeter  and  Swan  Creek  flowing-well  districts.  The  wdk 
are  commonly  about  30  to  35  feet  deep  and  probably  enter  a  fct 
feet  into  the  Sylvania  sandstone,  from  which  they  get  supplies  of 
nearly  or  quite  sulphur-free  water  by  pumping.  In  general  no  mate- 
rial shortage  was  reported  in  August,  1904,  although  the  wells  wen 
somewhat  lower  than  usual. 

SWAN   CREEK   REGION. 

The  Swan  Creek  region  is  one  of  flowing  wells  extending  southeastr 
ward  along  the  valley  of  Swan  Creek  from  near  the  Detroit  Soutlun 
Railroad  1  ^  miles  northeast  of  Carleton  to  a  point  about  the  saisA 
distance  from  the  Lake  Shore  station  at  Newport.  At  the  natk! 
the  district  opens  out  and  merges  with  the  Huron  River  and  Rock- 
wood  flowing-well  districts.  This  is  mainly  over  the  outcrop  of  \k 
Sylvania  sandstone. 

The  drilled  wells  obtain  their  water  on  entering  the  rock,  after 
passing  through  stiff  impervious  clays,  and  have  hitherto  yielded 
good  flows  of  nonsulphurous  water.  Their  depth  commonly  varie* 
from  20  to  35  feet,  according  to  location,  the  shallower  ones  being 
near  the  creek  in  the  southern  part  of  the  district. 

The  data  relating  to  the  condition  of  the  wells  is  most  convenienti; 
presented  in  the  form  of  the  table  given  below;  besides  the  wells  ol 
the  district  proper,  or  flowing-well  area,  a  few  located  a  mile  or  sK 
outside  are  given : 

WeH^  in  Suxin  Creek  region  (T.  o  5.,  R.  9  E.). 


Pari  of 
section. 


Owner. 


.  I      Head.      I 

5  I r 'Shortage 

g"  |Maxi-i  Proa-!    noted. 

Q  imiiin.l  ent.  | 


Remarks. 


17  I  SE.i.. 

20  ,  NE.i. 

21  :  SW.l. 

20  i  SE.i.. 

20  SE.}.. 

21  SW.J. 
28  NE.{. 


I  Feft.  I  Feet.  \  Feet. 
John  Cequin '     1*3   1 


Tlenrv  Splccr .W 

Albert  Splcer 30 


Wm.  Sillraore 30   1 i  June... 

L.  Graves 37  ; I ■  March. 

J.J.  Lautenschlager..       32 ' 

Sara  McLaughlin ' June... 


28  ;  NE.J...I  B.  McLaughlin ;      20  •  ±  0 


22 

i 


^!: 


sw. 
s\v 
sw 

SE.J 

SE.i. 
SE.}. 


SE.J.. 
NE.i. 


22 


! 

Frank  Bergraoser ' 

do I 

....do >      27 

Henry  Hoo<l '      28 


1 


0  '  Spring. 


-f  0  1  -  0     May... 

28   f April.. 

...' Mav... 

10  I  -16     Aug... 


Mrs.  P.  KeUv 

EdC.  McCormlck.. 


Jime.. 


B.  McLaughlin [ i , 

Joseph  Esper 20  ,  -  3  |  -ir> 


June.. 


No  decrease:  suggests  ditching 0 

cau8(.>  of  shortage  In  other  welU 
No  decrease. 
Two  wells;   no  decrease  in  roo 

well;  surface  weJl  failed. 
Just  to  rock  (surface  well);  falW 
Low;  cleaned  without  result 
Dug  18  feet :  water  only  in  pipe- 
To  rock  only;    three  wells;  •* 

went  dry;    little  better  ifta 

cleaning. 
Flowed  'M)  years  a£o;  dug  8  fe^' 

water  in  pipe  only. 
Nearly  d ry ;  always  plenty  befofl 
Dry;  lias  failed  Iwforo. 
Dug  13  feet:  wnt<»r  in  pipe  onlf- 
Doo|x»ned  with  success;    anotv 

lower  well  stopped  flowing. 
Nearly  enough  water. 
Ixjss  as<'rn)ed  to  frozen  groof 

and  Newport  quarry;  lnipror< 

by  cleaning. 
No  trouble  with  wells. 
Surface  well;  loss  ascribed  to  fr 

zen  ground. 
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WeOs  in  Swan  Creek  region  {T.  5  S.,  R.  9  i?.)— Continued. 


—  -  Shortage: 
UbxI-'  Pres-  noted.  ' 
miini.  ent. 


Remarks. 


r,1    (?)'      (?) 


E.}.... 


22  SE. 

15  E.tide. 

;    U  W.slde. 

'^"i    15  E.side. 

15  NE.J.. 


14    SW.J.. 
N.slde. 


23 

23    X.glde.. 

23    KE.J... 

SW.J.. 
13    NW.  J . 

XW.  J . 

2    SW.J.. 
1    SE.l  ... 

1    SE.J... 
4|NE.J... 

<    .VW.i. 

1    SW.i... 

1    SW.J... 


JW.J.. 

10    SE.J... 
ft    SW.J.. 


Earl  Baker. 
Tony  Kahn  and 
Charles  Kruger. 

J  Hedges 

A.  Benedict. 


EU  Barrow 

Edward  Whipple. 

Mark  Baker 

G.  Schweitzer 


F.  Baker. 
D.  Reed.. 


H.  Oretzler 

Barnard  Parish. 

CM.  Hood 

F.  Reinhart 

I  A.  Vizard 


J.  F.  Smith... 
Henry  Green . 


32 
33 
3.5 
35 
35 


Ir\'iii  Bamum. 
W.  Baker 


30 

28 


Dug  12  feet;  water  in  boring  only 

No  change;  large  supply 

Low,  but  still  plenty  of  water. 

Enters  slowly,  but  plenty  of  wa- 
ter. 

Surface  well;  a  little  less  water 
than  usual.  Two  other  smaller 
wells  in  vicinity  get  plenty  of 
water. 

To  rock;  no  decrease  noted. 

At  bam;  never  dry  before.  Drilled 
'  wells  at  house  as  much  as  usual. 
i  No  trouble;  one  well  used  to  flow. 

rOn  line  l)etween  sees.  24  and  25. 
\    Two  wells  out  of  three  failed. 

Plenty  of  water;  another  well  the 
same. 

In  field;  has  been  low  in  August 
of  other  years. 

At  house;  has  been  low  in  August 
of  other  years. 

Failed  suudenly;  three  similar 
wells. 

Flowed  during  summer  of  1903. 

Still  yielding  water. 

New  well  near  creek. 

Very  low;  loss  ascribed  to  Grosae 
Isle  well. 

Water  in  pipe  only. 

Still  yielding  some  water. 

0     June I  Still  yields  some  water. 

0   1  Water  now  stands  Just  at  top  of 

pipe. 

0   Near  creek;    well  at  house  also 

I  I      failed. 

Plenty  of  water  by  pumping;  loss 

ascribed  to  Grosse  Isle  well. 
Slight     decrease;      ascril^ed     to 
I      Grosse  Isle  well. 

3    Near  creek;    well  at  house  also 

I  lowered,  but  improved  by  deep- 
'      cning. 

0     19()2 Less  thfMi  usual,  but  plenty. 

I  Failed,  but  got  plenty  by  going  2 

!      feet  deeper. 

.    Another    well    at    house    failed: 
I      plenty  of  water  by  cleaning. 
.'  Supply    sufficient:  '  similar    well 
I  I      across  road. 

2    j  More  water  by  deepening;  another 

,  1      well  drj'. 

New  well:  failure  of  old  ones  as- 
I      crilx»d  to  Grosse  Isle  well. 

—  11    Another  similar  well:  supply  suf- 

I      ficient;  water  also  In  dug  well. 

I  Knough  water  for  cattle. 

1  .June Dug  8  feet:    water  in  pipe  only; 

'  ,      very  low. 

Dug  8  feet:  water  low  in  pipe. 

water  by  going  7 


..    -I-  0  I  -18     June. 
..    +  0     -  0    


-12 


July. 
May . 


Emily  Clark.. 
Fred  Renton . 


C.  Stumpmeyer . 


37 


.1    May 

8    Surface  well: 

feet  deeper. 


-13     May. 


I 


M.  Reeves 

G.  W.  Reeves. 
J.  E.  Brown.. 


Floyd  Bamum . . 
Alex.  Todd 


22 

2<)  , 


8    Spring . .    Scanty  supply. 

.')     —13     .June Got  more  water  by  going  M  feet 

deei  er. 
Three   wells,  :«.  33.   and  IV^  feet 
deep,  nearly  dry;  cleaned  with- 
1      out  success:    no  previous  trou- 
I      ble. 

Near  creek:  failed:  always  plenty 

I      Ix^fore. 

0     l'.K)2 '  Anot  her  well  just  to  rock  has  siif- 

fu'lfnt  for  ordinary  u.-mv 

0     HXK2 '  Failed    temporarily    in     .Viigiist, 

I       VMYA.  and  again  in  spring  of  19<)4. 

15    (■'leaned  with  lit t le  effect. 

0     Spring.      Plenty  of  water  by  pumping. 
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In  tho  Swan  Creek  region  nearly  every  well  shows  shortage,  thoufl 
tlu»  (le('reas(»  is  not  uniform,  the  amount  varying  from  A  barely  notiw- 
able  decrease  to  a  complete  failure.  The  surface  wells  are  very  con 
nionly  <Iry,  althoujjh  even  here  there  are  exceptions.  Some  of  fli 
artevsian  wells  have  stopped  flowing,  while  in  others  the  water,  thoa^ 
still  runnin*;,  rises  to  only  a  part  of  its  former  height.  In  the 
Howinjr  drilled  wells  the  loss  of  head  is  often  but  a  few  feet,  but 
of  the  drilled  wells  have  entirely  failed.  In  the  combination  of  d^ 
and  drilled  wells  the  water  has  generally  sunk  so  low  that  it  nolongB 
enters  th(»  dug  part.  The  natural  springs  which  formerly  issuJ 
above  the  valleys  have  nearly  all  cea^^ed  to  flow% 

Suggestions  of  shortage  have  appeared  several  times  in  pastyem 
a  number  of  wells  having  previously  ceased  to  flow  or  gone  dry  ten- 
porarily.  The  beginning  of  the  present  shortage  was  felt  in  19(8, 
but  durinu  tlu»  fall  the  supply  returned  in  part,  although  it  waskf 
during  the  winter,  and  fell  off  rapidly  in  the  spring  of  1904.  M 
at  what  time  th(»  failure  began  can  not  be  determined.  No  onefH 
looking  for  a  shortage,  and  it  was  (mly  when  w^ells  began  to  godij 
that  attention  was  j)aid  to  their  condition,  and  it  was  found  thatfl 
almost  universal  shortage  prevailed. 

Several  renu'dies  were  tried,  the  first  being  the  cleaning  of  tb 
w(^lls.     Tn  a  few  of  the  less  serious  cases  this  was  effective  andib 
su])ply  returnenl,  at  least  for  a  time,  but  in  other  cases  the  cause rfj 
failure  was  more  deej)  seated  and  independtmt  of  imperfcctioDB  of  I 
the  well.     In  such  cases  cleaning  did  but  little  good  and  deepeniif 
was  n\^(>rtc(l  to.      Fn  some*  cases  the  dug  part  was  carried  a  few  fp«t 
decp(»r,  }\n(l,  ])v  giving  more  storage  space  for  the  water,  aflTordw 
tcMnporarv  relief,  but  the  amount  of  water  was  seldom  materially 
increased.     The   most   effective  result    was  obtained  by  deepeniD? 
the  portion  of  the  well  in  the  rock.     Where  this  was  done  more  wat^^ 
was  nlmo.st  always  obtained,  although  of  course  it  had  to  be  pumpc^ 
to  the  surface.     Probable  caus(»s  for  th(»  shortage  are  considered  bela^ 
in  the  discussion  of  the  entire  field  affected. 

UrRON    UlVKFi    RK(}1()N. 

The  Huron  Kiver  district  extends  along  Huron  River  from  a  poin^ 
a  n\\]o  or  two  southeast  of  New  Boston  downstream  to  a  ])oint  beyonc 
Flat  Kock,  where  it  merg(»s  with  the  Rockwood  and  Sw^an  Creet 
ar(Mis.  The  rock  is  largely  Sylvania  sandstcme,  except  at  the  northerr 
end  of  th(»  district.  The  wells  range  from  about  25  to  60  feet  ir 
depth.  .V  large  portion  of  the  wells  How.  or  did  flow  before  the  pre^ 
cut  shortage.  At  the  northern  end  of  the  district  the  wells  yieU 
sulphur  wjjter,  Imt  in  most  of  the  remaunng  portions  they  yield  wate 
which  is  nonsulj)hur  bearing. 
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Jo  special  investigation  was  made  in  the  New  Boston  part  of  the 
a  this  season^  but  the  conditions  are  reported  to  be  similar  to  those 
the  Willow-Exeter  field,  there  being  relatively  little  shortage, 
ue  of  the  wells  have,  however,  stopped  flowing,  but  this  is  not 
iracteristic  of  the  present  season  alone.  The  well  of  Gus  Miesner, 
the  SW.  1  sec.  9,  formerly  yielded  a  flow  between  60  and  70  feet,  but 
5  now  ceased  flowing.  Near  the  schoolhouse,  on  the  west  side  of 
.  15,  a  well  owned  by  Mr.  Blum  flowed  a  4-inch  stream  of  sulphur 
ter  when  first  sunk  in  1887,  but  now  flows  less  than  1  gallon  a 
Qute.  The  well  is  65  feet  deep.  South  of  the  schoolhouse  Julius 
hn  sunk  a  well  in  1891  to  a  depth  of  65  feet.  This  flowed  at  the 
rt,  but  soon  after  ceased." 

[n  the  region  between  the  bridge  2  miles  east  of  Willow  and  Flat 
»ck  most  of  the  wells  are  still  flowing,  although  some  have  ceased. 
»rth  of  the  river  the  Horace  Thompson  well,  in  the  southeast  part 
Huron  Township,  is  still  flowing  sulphur  water,  after  a  lapse  of 
Tty  years,  though  at  a  level  1^  feet  lower  than  usual.  The  depth 
the  well  is  but  26  feet.  In  sec.  26  Mrs.  Lawrence  has  a  very  weak 
wing  well  of  ** black  sulphur"  water.  In  the  northwest  quarter 
the  same  section  Mr.  Stoefflet  sunk  a  well  in  June,  1904,  to  a  depth 
96  feet,  obtaining  a  full  2-inch  stream  of  water.  The  well  drained 
bers  for  a  quarter  of  a  mile  north  and  west  and  had  to  be  plugged, 
uth  of  the  river  the  conditions  are  ver}^  similar;  some  wells  have 
ased  flowing  while  others  continue,  though  with  diminished  head.** 
In  a  broad  way  it  may  be  said  that  there  is  a  general  shortage  in 
e  region,  but  not  so  severe  as  in  the  Swan  Creek  district,  for  along 
e  Huron  many  wells  still  furnish  good  supplies,  or  even  flow,  while  in 
e latter  region  the  failure  is  almost  universal.  Cleaning  and,  more 
pecially,  deepening  the  wells  generally  resulted  in  an  improve- 
mt  of  conditions,  though  not  in  a  complete  restoration  of  the 

ppiy. 

ROCK  WOOD    REGION. 

The  Rockwood  area  includes  the  region  west  and  southwest  of  that 
ivn  and  between  it  and  the  Swan  Creek  area,  together  with  the 
,non  near  the  town  on  the  north  side  of  Huron  River.  It  can  be 
fisidered  as  merging  into  the  flowing-well  areas  of  Swan  Creek  and 
iron  River  on  the  w^est  and  with  the  Detroit  River  region  on  the 
st.  The  area  is  mainly  over  the  outcrop  of  the  Sylvania  sandstone 
d  yields  waters  generally  free  of  sulphur.  The  wells  are  chiefly 
m  20  to  40  feet  in  depth  and  are  nonflowing  except  near  Huron 


o  Information  furni.shod  by  W.  M.  Gregorv.  Aupiist  '2,  1904. 
6  Information  furnished  by  Frank  Leveret t.  July.  1904. 
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Rivi^r.     In  the  following  table  are  given  data  relating  to  the  con-| 
dition  of  the  wells  as  determined  by  the  writer  in  August ,  1904: 

Wells  in  Rockwood  region. 


DWIM.T. 


H  ■«  ; 


Head.      |  1 

^        1  Shortagel 

^     Maxl-  Pros-     noted.    , 
i     mum.  ent.  |  i 


Remarks. 


17  1  NE. 

I 
17  I  NK. 

I 


5  ;  8  •  17     NE. 
5  I  8  '  17  I  NE. 

17  ,  NW. 

18  NE. 
7  1  SE.. 


1).  Valmnco 

11.  D.  Valmna'. 


Feet. 

28 


Feet. 

-  1 


Feet. ' 

-  7  I  May.... 


:«    -»-  .-? 


5     8 
5     8 

5  ;  8 


I  V.  Holmes 

John  SironK... 
Royal  Fn»nch. 
(icorgw  Caw. .. 
J  ames  Todd . . . 


I 


5  8  ,  18  I  NW  . 
5  ,  8  I  7  ,  SW . . 
5,8,  18  !  NW  . 


5     8     IS     NW 
5     8     18     SW. 


John  Aniio 

S.  IVti'rs 

1  Charlrs  Bancroft . 


.w ; 

31 


+  0 


.    Benjamin 

croft. 
.    (.}.  Van  Riper 


Ban- 


5     9  , 

5     8 
a     8 


13     SE....    ll.rhaml)orlin. 

18  SW...    Philip  BauU  v.. . 

19  NW..    IVtcr  Pilkev.... 


40 


20  NW.  .    Mr.  Miittison. 

20  NW do 

19  NE...    P.  Donnelly.. 

10  SE \n>.'rt  Root.. 

20  NW.  .    .lohnSiglcr... 


-10 
-  3 


Has    been    dry     before;    Im 
ascribed  to  Qrosae  laie  vdL 

-30   '  Pump  gave  temporary  nht 

I     loss  ascribed  to  Qvmm  U 
I     well. 
+  0  .May <  Water  In  pipe  only.  i 

-  0  ;  Diminifllied  somewhat.  ! 

-20' Plenty  by  pumping. 

-0; Nothing  done.  j 

-3()  I Failed  suddenly  after  S2  yaso; 

I  no  water  by  pumping;  to*  i 

ascribed  to  urosse  IsIs  mL 
I  Two  other  wells  ceased  flov- 

'  ing. 

-8     Spring..    One-fourth  ordinary  supply. 
- 12   do . . .    Flowing  well  also  stopped. 

-  8     1903 Two  other  wells  also  tailed.  M 

came  on  again  during  winter.  : 
One  stopped  temporarily  dll^ 
ing  winter,  lost  again  In  nrlm  ! 
of  1904.  I 

Two  wells,  not  very  low  in  iM  I 

- 14    July Another  smaller  welL    No  di^ 

vious   trouble;  loss   aseiiM 
to  salt  and  oil  wells. 
Water  in  base  only. 

- 1 2     J  unc Decreased  gradually. 

Early...,  Low  all  winter.    Water  only  ii 

pipe. 

- 18   Low  all  winter. 

-10   Do. 

-17   Loss  ascribed  to   Qroese  I* 

well. 

- 1 4    J  Illy IT  sually  plenty  in  summer. 

-12     ...do...  Do. 


The  facts  sot  forth  show  a  marked  shortage  of  supplies,  with  many  I 
com])lete  failures.     Most  of  the  artesian  wells  had  flowed  uninte^  | 
ruptedly  for  many  years  until  they  ceased  in  the  summer  of  1904,  ; 
hut  a  few  stopped  flowing  in  1003,  when  the  present  shortage  first 
began  to  be  felt.     During  the  winter  of  1903-4  there  was  a  slight 
increase  over  the  preceding  fall,  but  a  considerable  number  of  wells 
are  known  to  have  remained  low  all  winter  and  one  or  two  stopped 
flowing.     While  the  flows  of  the  individual  wells  stopped  suddenly 
the  stoppage  was  not  simultaneous  in  different  wells,  but  extended 
over  a  c(msiderable  period  of  time.     The  wells  in  the  region  have 
always  been  somewhat  sensitive,  as  if  flowing  at  or  near  their  maxi- 
mum head;  hence  a  slight  decrease  of  the  head  would  cause  them  to 
stop  flowing  rather  abruptly.     Several  of  the  wells  have  always 
flowed  roily  water  before  storms,  and  some  ceased  flowing  during 
prolonged  periods  of  westerly  winds.     The  shortage  is  greatest  to  the 
we«t  of  Rockwood,  becoming  less  near  town  as  Detroit  River  is 
approached.     Many  of  the  wolls  that  have  ceased  to  flow  still  yield 
water  by  pumping,  while  cleaning  and  deepening  often  add  materi- 
ally to  the  supplies. 
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DETROIT   RIVER   REGION. 

This  region  includes  the  area  between  the  Rockwood  district  and 
Detroit  River.  The  region  is  low,  being  only  a  few  feet  above  the 
river  and  lake  level,  and  along  the  shore  and  creeks  is  often  decidedly 
marshy.  The  region  is,  however,  thickly  settled  and  wells  are 
abundant,  probably  averaging  under  20  feet  in  depth.  In  general 
there  has  been  no  shortage,  although  in  a  few  instances  the  water  was 
thought  to  be  a  little  below  its  maximum  summer  level.  No  particu- 
lar cause  of  shortage  was  advanced  other  than  a  general  belief  that 
the  numerous  salt  and  other  wells  might  have  had  some  effect.  It  is 
probable  that  in  reality  the  water  was  fully  as  high  as  is  ordinarily 
the  case,  for  Lake  Erie,  which  controls  the  ground-water  level  adja- 
cent to  its  shores,  stood  unusually  high  in  the  summer  of  1904,  being 
about  15  inches  above  its  level  of  the  preceding  year. 

GROSSE   ISLE. 

Grosse  Isle  is  a  north-south  island  about  9  miles  long  and  2  miles 
wide  lying  on  the  American  side  of  the  international  boundary  in 
the  Detroit  River,  its  center  being  opposite  the  town  of  Trenton,  16 
miles  south  of  Detroit.  The  population  is  mainly  located  along  the 
shores  of  the  island,  only  one  or  two  houses  being  in  the  interior, 
although  the  entire  island  is  under  cultivation.  The  surface  is 
mainly  clay  or  clayey  silts,  but  rock  is  commonly  found  not  far  from 
river  level,  and  in  one  point  where  it  rises  slightly  higher  is  quarried. 

Very  few  wells  have  been  sunk  on  the  island,  the  main  supply 
being  from  pipes  extending  out  beneath  the  surface  to  deep  water  in 
the  river.  The  water  is  pumped  directly  from  these  pipes  by  means 
of  windmills,  no  provision  being  made  for  filtering.  As  a  result  there 
is  some  typhoid  on  the  island.  The  few  wells  that  have  been  sunk 
in  the  interior  penetrate  clay  to  the  rock,  which  is  entered  at  about 
20  feet.  The  water  of  the  dug  wells  is  from  the  day,  but  the  drilled 
wells  enter  the  rock  and  obtain  an  ir()n-l)earing  water  carr^nng  some 
sulphur.  No  shortage  was  reported  in  1904,  and  a  powerful  flowing 
well  recently  made  at  the  southern  end  of  tlie  island  seems  to  have 
had  no  effect  on  the  shallow  wells.  This  powerful  well  is  located  on 
the  property  of  James  Swan,  opposite  Snake  Island,  about  three- 
fourths  of  a  mile  from  the  extreme  southern  point  of  Grosse  Isle,  and 
was  2  or  3  feet  above  the  river  level  of  1904. 

The  well,  which  was  sunk  in  search  of  oil  or  gas,  was  begun  in  1903 
and  completed  in  May,  1904,  having  reached  a  depth  of  2,375  feet 
without  obtaining  anything  of  value.  The  diameter  at  top  is  10 
inches,  decreasing  to  6  inches  at  the  bottom.  A  13-inch  casing 
extends  from  the  surface  to  the  rock  at  17  feet. 
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The  first  considerable  flow  of  water  was  encountered  at  420  feet, 
but  at  450  feet  a  stronger  flow  was  obtained.  Both  were  fresh,  but 
as  the  well  was  drilled  deeper  flows  of  sulphur  water  were  encountered, 
which,  although  relatively  small,  were  sufficient  to  impart  to  the 
water  as  it  issued  from  the  pipe  an  amount  of  sulphur  recognizable 
by  taste  and  by  a  sulphur  deposit  on  the  grass  and  stones  about  the 
well.  The  water  is  said  to  have  been  cased  off  during  the  progress 
of  the  drilling,  from  August,  1903,  to  May,  1904,  when  the  caaiiig  was 
finally  pulled.  At  present  the  water  issues  in  a  jet  11  inches  hig^ 
from  the  13-inch  pipe,  forming  a  fountain  of  considerable  size.  (See 
PL  III,  B.)  The  flow  is  calculated  at  about  50  gallons  a  second  and 
forms  two  good-sized  streams.  It  was  tested  to  a  maximum  hei^t 
of  22  feet  above  the  surface.  It  is  stated  that  the  owner  contemplates 
using  it  for  a  public  supply  for  the  island. 

Analysis  of  ii^aier  from  James  Swans  urll  on  Oros^e  Ifie.o 

Tarts  pi>r  Butiper 

million. 


SiliruCSiOj) 188  Potassium  (K) TO.66  | 

Iron  and  alumina  (Fe A»  AlAs)-  -  H  Sulphate  radicle  (SO4) 14, 345. 21 

Calcium  (Ca) 5, 0S2.  96  Carbonate  radicle  (OO3) 871.35 

Strontium  (Sr) 317 


Magnesium  (Mg) 730.  57 

Sodium  (Na) 216. 78 


21,745.55 


1>1XL.INK  OF  WATER  SUPPLY. 

PRESENT    CONDITIONS. 

The  conditions  of  the  wells  at  the  present  time  have  been  set  forth 
in  the  preceding  pages.  With  the  exception  of  the  narrow  belt 
along  the  shore  of  Detroit  River,  where  the  supply  is  largely  gov- 
erned by  the  height  of  the  river,  the  loss  of  supply  has  everywhere 
been  felt  in  varj-ing  degrees.  In  the  Willow-Exeter  and  Carleton 
regions  the  shortage  is  very  light,  while  along  Huron  River  it  ia  only 
moderate.  In  the  Swan  Creek  and  Rockwood  regions,  on  the  con- 
trary, the  shortage  is  excessive,  a  large  proportion  of  the  wells  having 
failed,  entailing  much  inconvenience. 

The  present  season  does  not  mark  the  beginning  of  the  decline, 
but  rather  its  culminaticm.  Investigations  made  by  Prof.  W.  H. 
Sherzer  previous  to  1900  showed  that  even  then  shrinkage  of  supplies 
had  been  in  progress  for  many  years.  In  his  report  on  Monroe 
County^  he  states  that  while  continued  drought  makes  no  impres- 
sion on  many  of  the  wells,  the  tlow  of  others  is  reduced  or  almost 
or  quite  stopped.  The  opening  of  new  wells  was  found  to  affect  the 
flow  of  others  in  the  neigliborhood,  and  the  areas  over  which  artesian 


o  Made  at  ohomical  U))oraton-.  rnivorsity  of  Michigan,  for  tho  Sttitc  (Ji'ologicul  Sun'ey,  January  17, 
1905:  F.  K.  Ovitr..  analyst.  Expn»sw.'il  by  analyst  in  grams  pi»r  liter  an<l  hypothetical  combinations; 
rpcomputcd  to  ionic  form  and  parts  wr  million  at  I'nitml  States  (irologicaf  Survey. 

^Kept.  Uool.  Sun-ey,  Michigan,  vol.  7,  pp.  194. 
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y;.     VIEW  OF  THE   GROSSE   ISLE   FLOWING  WELL. 
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wells  could  be  secured  was  found  to  be  constantly  contracting.  Wells 
in  the  southern  part  of  Erie  Township,  3  miles  back  from  the  lake, 
which  formerly  flowed,  had  then  ceased. 

The  decUne  noted  by  Professor  Sherzer  as  having  already  pro- 
gressed for  some  time  has  continued.  The  areas  of  flowing  wells  out- 
lined by  him  on  his  maps  at  that  time  are  more  extensive  than  those 
at  the  beginning  of  1904,  while  by  the  close  of  the  summer  of  that 
year  very  few  flowing  wells  remained  in  some  of  the  regions,  as  in 
the  valley  of  Swan  Creek  and  near  Rockwood. 

Not  only  have  the  artesian  wells  ceased  to  flow,  but  the  water  in 
the  nonflowing  wells  is  lower  than  formerly.  In  fact,  the  level  of 
the  ground  water  in  the  clayey  portions  of  southeastern  Michigan 
is  distinctly  lower  than  it  was  ten  years  ago  and  much  lower  than 
it  was  twenty  years  ago.  It  is  only  in  a  limited  district  that  the 
pronounced  falling  off  occurred  during  1904. 

The  general  decline  which  has  been  going  on  for  many  years  is 
probably  due  to  a  gradual  and  far-reaching  change  of  conditions, 
such  as  deforesting  of  the  land,  improvement  in  surface  drainage, 
etc.,  but  the  rapid  decline  of  the  last  two  seasons  is  doubtle-ss  due  to 
local  causes  acting  with  special  force  in  the  region  in  question. 

CAUSES   OF   DECLINE. 

Gfosse  hU  well. — That  the  Grosse  Isle  well  is  the  cause  of  the  special 
decline  in  1903  and  1904  may  at  first  thought  seem  well  sustained  by 
tlie  behavior  of  certain  wells,  as  J.  E.  Brown's  of  the  Swan  Creek  and 
Charles  Bancroft's  of  the  Rockwood  district,  which  went  dry  when 
the  bi^  flow  of  the  Grosse  Isle  well  first  began  in  1003,  but  returned 
soon  after  the  insertion  of  the  casing,  only  to  cease  again  after  its 
withdrawal  in  May,  1904.  Tliis  interpretation,  however,  seems 
opposed  by  the  fact  that  numerous  other  wells  nuich  nearer  Grosse 
I'^'le  maintained  nearly  their  usual  flow,  those  nearest,  even  those  on 
Grosse  Isle  itself,  showing  no  decrease  whatever.  The  conditions  of 
underground  drainage  would  need  to  be  ver^^  exceptional,  wliich 
Would  leave  a  near-by  district  unharmed  while  seriously  afFectintj: 
inore  remote  districts,  and  belief  in  them  would  need  be  supported  by 
'uJisputable  evidence  in  the  altered  slope  of  the  water  table.  In 
^fJer  to  obtain  light  on  this  point  the  heiglit  to  which  water  will  rise 
^^'^s  platted  for  each  well  in  the  vSwan  Creek-llockwood  region.  It 
^^  found  that  this  height  showed  an  increase  westward  which  avev- 
^ed  about  3  feet  to  the  mile,  indicating  a  source  from  that  direction, 
^e  increase  of  head  to  the  west  or  decreavse  to  the  east  was  found  to 
^  quite  regular,  with  no  local  lowering  or  reversed  slope  that  could 
r>e  referred  to  a  strong  intake  at  a  particular  j)lace.  It  was  also  found 
that  the  water  level  of  the  Grosse  Isle  gusher  is  higher  than  that  of 
the  shallow  wells  around  it,  and  even  higher  than  that  oi  U\e  VsV^VVa  v^i 
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the  KockwiKxl  and  enstorn  portion  of  the  Swan  Creek  area,  being  25 
feet  uhove  the  lake,  or  597  feet  above  the  sea,  while  the  normal  lerd 
in  many  of  the  wells  which  have  l)een  thought  to  feed  it  is  several  feet 
lower,  in  some  of  them  being  less  than  590  feet.  It  would  appear. 
therefore,  tliat  if  any  connection  exists  between  the  Grosse  Isle  wdl 
and  the  sliallow  wells  in  the  Uockwood  and  Swan  Creek  areas  the 
water  would  be  forced  up  in  the  shallow  wells  rather  than  drawn 
away  from  them.  The  failure  of  such  wells  as  the  Brown  and  the 
Bancroft  Hows  in  1903  was  probably  a  mere  coincidence.  The  predae 
point  where  the  main  water-bearing  bed  of  the  Grosse  Isle  well  out- 
crops and  takes  in  its  main  supply  can  not  be  stated.  On  the  baas 
of  the  dip  of  the  rock  formations  from  southeast  to  northwest,  at  the 
rate  of  about  20  feet  a  mile,  it  would  seem  probable  that  the  bed 
struck  at  450  feet  in  this  well  will  come  to  the  surface  somewhere 
west  of  Leamington  in  Canada.  The  supply  se«ms,  therefore,  more 
likely  to  come  from  the  Cana<lian  than  the  Michigan  side  of  Detroit 
River. 

Xewport  (juafffj. — The  underdrainage  caused  by  the  quarry  at  New- 
port was,  next  to  the  Grosse  Isle  well,  most  commonly  advanced  as  a 
cause  of  the  shortage  along  Swan  Creek.  A  visit  was  accordingly 
paid  to  the  locality  and  the  conditions  were  investigated.  It  was 
found  that  a  few  of  the  wells  near  at  hand  have  been  affected,  but 
the  decrease  in  water  supply  is  not  universal  even  within  a  few  hun- 
dred feet  of  the  (|uarrv.  A  (juarter  of  a  mile  back  no  effect  has  been 
noted.  From  this  it  ap])ears  that  the  (juarry  can  not  be  considered 
a  factor  in  the  shortage  along  Swan  (Veek  or  in  the  Rockwood 
region. 

Low  stdfif  of  atnawfi. — The  level  of  streams  generally  determines 
that  of  the  ground  water  in  their  vicinity,  the  latter  subsiding  as  the 
streams  fall.     During  1904  both  Huron  River  and  Swan  Creek  were 
unusually  low,  and  thus  drew  unusual  (|uantities  from  the  surround- 
ing water  table,  which  was  thereby  naturally  lowered.     Huron  River, 
])eing  a  longer  stream,  and  one  having  its  source  in  a  region  of  greater 
rainfall,  was  not  so  low  as  Swan  Creek,  th(»  entire  course  of  which i^ 
within  an  area  of  low  rainfall.     Moreover,  the  latter,  flowing  over  clay 
nearly  destitute  of  water,  receives  in  considerable  portions  of  it^ 
course  only  slight  additions  by  percolation.     It  is  probably  for  thes^ 
reasons  that  the  shortage  is  most  marked  along  its  course  rather  thai* 
in  any  other  part  of  the  regicui. 

Early  winter  of  1903. — This  appears  to  have  been  an  important 
factor  in  bringing  on  the  present  acute  shortage.  According  to  the 
official  records,  the  permanent  freezing  of  the  gnmnd  took  place  on 
November  17,  which  was  befort*  heavy  snow-s  and  heavy  winter  rains 
had  fallen.  There  was,  therefore,  little  chance  for  the  rainfall  to  soak 
into  the  ground  during  the  winter  and  early  spring  months.     This 
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"WBs  made  manifest  by  the  low  water  in  many  of  the  wells  during  the 
winter,  the  result  being  that  when  spring  opened  the  ground  water 
was  at  an  unusually  low  stage. 

Deficiency  of  rainfaU  in  1904. — The  opening  of  the  spring  of  1904 
with  a  low  ground-water  supply  was  followed  month  after  month 
during  the  summer  by  a  deficient  rainfall,  and  the  shortage  conse- 
quently became  very  serious.  This  is  brought  out  by  the  following 
table,  which  gives  the  precipitation  by  months  of  1904.  Detroit  Ues 
about  25  miles  northeast  of  the  area;  Grape  and  Dundee  about  10 
and  20  miles  southwest,  respectively;  Eloise  less  than  15  miles  north, 
and  Ypsilanti  20  miles  northwest.  The  deficiency,  it  should  be  noted, 
has  been  restricted  to  spring  and  autumn  months,  and  thus  causes  a 
<iry  year  even  though  the  annual  precipitation  is  about  up  to  the 
normal: 

Rainfally  in  inches,  in  the  vicinity  of  the  lower  Huron  River  region. 


Month. 


January.. 
F^bmary. 
March..... 

^:::::: 

June 

July 

August 

September 
October... 
November. 
December. 


Detroit. 


]904. 


28.32 


Nor- 
mal. 


3.34 

1.94 

2.55 

2.33 

4.09 

2.29 

1.05 

2.24 

2.36 

3.51 

i.oe 

3.09 

2.94 

3.36 

3.20 

2.71 

4.23 

2.47 

.86 

2.53 

.19 

2.69 

1.83 

2.57 

Eloise. 


1904. 


3.98 


1.01 
1.19 
.79 
2.52 
3.69 
3.83 
0 
0 
1.88 


Nor- 
mal. 


1.69 
2.16 
3.01 
1.32 
3.27 
3.26 
4.16 
1.95 
2.61 
2.61 
2.38 
2.20 


Dundee. 


Ypsilanti. 


Grape. 


1904. 


Nor- 
mal. 


5.37 
4.06 
5.45 
2.36 
3.06 
1.30 
2.84 
4.73 
4.30 
.82 
.05 
2.53 


2.41 

2.88 ; 

4.53 

4.06 

3.52  ' 

2.64 

2.11 

2.09 

2.n2  I 


1904. 


4.54 
2.98 
4.92 
1.66 
2.58 

.56 
3.03 
3.92 
6.21 
1.09 

.09 
1.96 


Nor- 
mal. 


1.90 
2.46 
2.45 
2.24 
4.09 
4.25 
3.33 
2.14 
2.86 
2.64 
3.23 
2.38 


1904. 


4.17 
2.62 
3.16 
2.04 
2.71 
1.49 
2.96 
4.31 
4.67 
.93 
.02 
1.90 


Nor- 
mal. 


1.44 
1.80 
2.32 
2.24 
3.61 
3.57 
2.63 
2.52 
2.36 
2.00 
2.75 
2.02 


32.33    30.62       3fi.87    33.54       33.97       30.98         29.26 


CONCLUSIONS. 

The  low  rainfall,  which  in  the  spring  of  1904  varied  from  one- 
eighth  to  somewhat  more  than  one-half  of  the  usual  amount  at  the 
stations  in  the  tables,  was,  on  the  whole,  even  less  in  the  lower  Huron 
River  region  itself.  The  deficiency  of  rainfall,  following  as  it  did  an 
autumn  and  winter  during  which  little  water  was  absorbed  owing  to 
the  frozen  condition  of  the  ground,  together  with  the  preceding  dry 
season  of  1903,  seems  ample  to  explain  much  if  not  all  of  the  observed 
shortage. 

Although  considerable  rain  fell  in  July,  and  even  more  than  the 
normal  in  August,  it  came  largely  as  short  heavy  showers,  and  the 
Water,  instead  of  soaking  into  the  ground,  as  in  more  gentle  rains, 
formed  streams  and  ran  off  rapidly.  The  part  that  soaked  into  the 
ground  was  entirely  insufficient  to  compensate  for  the  many  dry 
months  which  had  preceded,  especially  as  the  relatively  wet  months 
of  August  and  September  were  followed  by  several  months  when  al- 
most no  rain  fell.     In  this  connection  it  may  be  remarked  that, 


4S       WKLT.1^    ANT)    WATKR   SUPPLIES   IN    SOUTHERN    MICHIGAN. 

wliile  the  shortage  was  felt  in  the  region  under  discussion  sooner  thu 
olsc^whero,  the  drought  became  severe  enough  later  in  the  summer  to 
he  felt  through  all  the  States  bordering  the  Ohio  and  eastward  to 
New  England,  causing  much  shortage  in  wells. 

If,  as  seems  probable,  the  failure  of  the  wells  is  due  largely  to  the 
severe  drought  of  1903-4,  the  return  to  the  normal  rainfall  should 
result  in  an  increase  in  the  water  supply,  although,  because  of  the 
excessive  dryness  of  the  ground,  the  increase  in  the  available  water 
may  not  be  immediately  noted.  The  full  supply  may  not  return 
until  a  wet  year,  or  perhaps  a  succession  of  wet  years,  occurs. 

In  some  cases  the  return  of  the  water  may  not  bring  restoration 
to  the  wells,  for  water  passages  in  clayey  material  when  dried  oat 
may,  to  a  certain  extent,  crumble  and  become  more  or  less  clo^[ed, 
so  that  their  capacity  for  carrying  water  is  lessened  or  destroyed 
even  when  the  ground  again  becomes  soaked.  The  return  in  any 
case  will  probabl}^  not  be  complete,  as  the  thorough  ditching  which 
the  region  has  undergone  will  result  in  a  permanent  lessening  of  the 
water  supply  of  the  region. 

Th(»  vv(»lls  in  the  lower  Huron  River  region  obtain  their  suppto 
largely  in  the  upper  few  feet  of  the  rock.  The  water,  judging  froiB 
its  head,  is  derived  from  glacial  deposits  overlying  the  rock  in  tte 
region  northwest  of  the  area  under  discussion.  It  probably  trav- 
erses the  m)per  more  open  and  jointed  portion  of  the  rock,  because 
there  is  l(\ss  resistance  to  its  flow  through  the  crevices  and  opening? 
in  the  rock  than  through  the  compact  clayey  deposits  which  so  geP 
erally  overlie  the  rock  formations  of  the  region.  The  rock  fomiB 
tions  appear,  therefore,  to  take  in  the  water  from  the  overlying  gla 
cial  (le])osits,  and,  as  shown  al)ove,  a  deepening  of  the  wells  into  th 
rock  has  generally  met  with  at  least  partial  success.  The  grea 
majority  of  wells  now  are  exceptionally  shallow  compared  wit] 
those  of  large  areas  in  Michigan,  where  depths  of  100  to  150  feet  o 
mon*  are  common.  It  seems  probable  that  wells  of  such  depths  ii 
the  region  under  discussion  woidd  yield  permanent  and  abundan 
supplies. 

WATER    SUPPLIES    OF   WAYNE    COUNTY. 
By  William  IIittell  Sherzkr. 

GKNERAI^  STATEMENT. 

The  county  of  Wayne,  with  an  area  of  601.6  square  miles,  hai 
according  to  the  State  census  of  1904,  a  population  of  386,827,  c 
one  person  for  each  acre  of  ground.  Outside  the  cities  and  incoi 
porated  villages  the  average  is  61  to  the  square  mile,  or  one  to  ever 
10  acres. 
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The  following  table,  constructed  from  data  supplied  by  the  State 
weather  service,  shows  the  average  monthly  and  annual  precipita- 
tion in  or  near  the  county: 

Prrcipiiation,  in  inches^  for  Wayne  County  and  for  adjoining  portions  of  Oakland  j  Washtenaw  f 

and  Monroe  counties. 


Station. 


Detroit 

Grape 

Eloise 

Birmingham 

YpmUnti 

Dundee  a 


Wayne 

Monroe 

Wajme 

Oakland... 
Washtenaw 
Monroe 


Period 
of  obser- 
vation 
(years). 

34-36 
17-18 

7-  8 
14-18 
20-23 

5 


Monthly  precipitation. 


Jan.       Feb.       Mar.       Apr.       May 


1.91 
1.59 
1.93 
1.71 
2.00 
2.25 


2.28 
1.82 
2.32 
1.89 
2.54 
2.30  i 


2.42 
2.32 
2.f« 
2.16 
2.51 
2.71 


June. 


I 


2.22  , 
2.24 
1.71 
2.46 
2.24  ' 
2.40  ; 


3.30 
3.56 
2.83 
3.14 
3.90 
2.91 


I 


3.83 
3.45 
3,09 
3.10 
4.05 
3.89 


Monthly  precipitation. 


Station. 


July. 


Detroit 3.36 

Omp»» '  2.65 

Eloise 3.93 

Birmingham 2.86 

Ypsilanti i  3.45 

Dundw I  3.81 


Aug. 

Sept. 

Oct. 

Nov. 

^. 

2.09 

^2.63 



2.38 

2.56 

2.35 

2.69 

2.50 

1.94 

2.60 

2.01 

2.34 

2.79 

2.44 

1.91 

2.16 

2.47 

2.55 

2.38 

2.67 

1.76 

2.42 

3.02 

2.53 

3.01 

2.37 

3.77 

2.97 

1.85 

1.68 

2.41 

.  Total 
years. 


Annual 
Average  f^.^- 
annual     '^J;!  " 

?atlo'„.     -tjd 
epoch. 6 


34 
17 
5 
9 
18 
4 


32.13 
29143 
2a  70 
27.50 
33.78 
33.83 


30.  7  i 
29.:-9 
27.55 
34.66 
33.&'J 


a  l^rivate  instruments,  perhaps  not  in  accord  with  Ctovcrnmcnt  instruments. 

fc  The  last  column  contains  corrections  for  epoch  made  by  averaging  the  Detroit  annual  rt'cords  for 
f-ach  term  of  voars  represented  by  observations  at  other  stations.  The  monthly  avorap^s  havo  not 
N>en  corrected  for  epoch.  In  the  case  of  Ypsilanti  the  average  annual  precipitation  for  eighteen  years 
was  takfn,  since  there  are  gaps  in  the  record  for  the  longer  period  on  which  the  monthly  ave"rag«'8 
an'  based. 

The  monthly  averages  are  based  on  all  the  records  available  for 
each  station,  whether  consecutive  or  not,  and  include  March,  1905. 
It  is  unfortunate  that  they  do  not  all  cover  equally  long  periods  of 
time,  for  then  the  totals  would  be  more  strictly  comparable.  The 
distributicm  of  the  rainfall  over  the  year  is  a  matter  of  no  little  impor- 
tance, since  a  frozen  condition  of  the  soil  leads  to  the  run-oil"  of  much 
water  that  would  otherwise  be  absorbed  and  contributed  to  the 
underground  supply.  The  average  rainfall  for  the  county  is  about 
31  inches;  over  a  belt  extending  across  the  middle,  from  Monroe 
northward  into  Oakland  County,  it  is  10  to  15  per  cent  less,  l)ut  it 
increases  eastward  to  the  Detroit  River  and  still  more  rapidly  to 
to  the  west.  For  the  last  seventeen  years  the  records  for  a  station 
in  each  belt  are  complete:  Ypsilanti,  33.91  inches;  Grape,  29.43 
inches;  Detroit,  30.78  inches.  In  all  the  years  for  which  we  have 
records  at  Eloise  and  Birmingham,  located  in  the  central  belt,  the 
precipitation  is  less  than  it  is  immediately  to  the  east  and  to  the 
west.     It  is  interesting  to  observe  that  this  central   belt^  with  its 
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diminished  precipitation,  is  in  a  sand-covered  region,  the  coveriag 
having  heen  produced  in  a  way  to  be  presently  described,  and  it 
seems  that  tlie  extra  heat  radiated  from  such  a  soil  might  readflj- 
reduce  tlie  amount  of  moisture  precipitated  over  the  region.  A 
study  of  the  above  table  shows  that  the  reduction  is  most  pronounoed 
for  the  month  of  June,  when  we  have  maximum  sun  power  com- 
bined witli  h»ast  protection  of  the  soil  by  crops.  This,  however,  is 
only  a  partial  explanation,  since  the  reduction  in  the  precipitation 
for  this  belt  exten<ls  over  the  entire  year,  when  the  question  of  sol 
must  be  laro:ely  eliminated.  Prof.  M.  S.  W.  Jefferson  has  sug- 
gested that  the  series  of  high  moraines  extending  in  a  northeasi- 
southwest  direction  across  Washtenaw  and  Oakland  counties  mij 
cause  the  increase  of  precipitation  in  the  western  belt,  while  the 
descending  and  slight h'  warmed  currents,  having  a  prevailing  east- 
erly course,  would  part  less  readily  with  their  moisture  until  the 
immediate  elVi^ct  of  the  Great  Lakes  was  felt.  In  other  words,  iw 
may  have  here  some  such  effect  as  is  produced  by  the  "Chinook" 
winds  of  our  Western  States.  The  morainic  belt  stands  from  800 
to  1 .100  feet  above  tide,  while  the  drier  belt  east  of  it  is  only  650  to 
000  feet  above.  Further  observations  upon  rainfall,  temperatures, 
and  directions  of  storms  in  this  and  adjoining  areas  would  throw 
light  on  the  subject. 

SI  KFAC'E  WAT1:KS. 

BESEBVOntS. 

From  data  obtained  from  Prof.  M.  K.  (V)oley,  of  the  University 
of  Michigan,  State  Geologist  Lane  has  estimated  that  38  per  cent  of 
the  total  precipitaticjn  may  be  collected  from  roofs  and  secured  in 
cisterns,'*  and  that  with  a  rainfall  oi  :V2  inches,  practically  the  same 
as  that  of  Detroit,  every  100  s(juare  feet  of  horizontal  surface  will 
yield  100  cubic  feet  of  water  annually,  or  about  25  barrels.     This  is 
but  a  little  more  than  one-third  of  what  actually  falls  on  a  roof  of 
such  area,  the  remainder  being  lost  in  wetting  the  roof,  evaporation, 
blowhig  or  sliding  of  snow,  etc.     Where  limited  (juantities  of  practi- 
cally pure  water  arc  recjuired,  as  for  laundry  or  domestic  purposes, 
nurseries,  and  boilers,  sim{)le  ])recautions  would  secure  a  much  larger 
percentage.     In  addition  to  the  dust,  coal  dirt,  and  organic  matter 
<leriv(»d  from   the  collecting    surface,   this  water  (*ontains  similar 
matter  taken  from  the  air,  and  in  addition  appreciable  amounts  of 
ammonia,  nitric  and  nitrous,  sulphuric  and  sulphurous  acids,  carbon 
dioxide,  and  other  gases  of  the  atmosphere.     There  are  large  reser- 
voirs in'  the  brickyards  to  the  west  of  Detroit,  where  excavations 
made  hito  the  old  lake  clays,  to  be  presently  mentioned,  serve  as 

o  lMxn\  A.  ('..  Wiitcr  resourccH  of  Lowor  Prninsula  of  MichigHn:  Wator-Siip.  and  Irr.  Pai)cr  No.  30, 
U.  S.  CJcol.  Sii.-\'ey,  Ifm,  p.  45. 
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5cting  basins  for  the  surface  drainage  and  supply  the  necessary 
er  for  softening  the  stiff  clays,  the  driven  or  bored  wells  at  the 
kyards  supplying  merely  drinking  water.  Throughout  the 
aty  cisterns  are  used  in  dwellings,  and  in  districts  where  wells  are 
i  to  obtain  they  are  connected  with  barns  for  use  of  stock. 

I  AXES. 

ocation. — In  striking  contrast  with  its  neighbors,  Oakland  to 
north  and  Washtenaw  to  the  west,  Wayne  County  is  surpris- 
y  deficient  in  lakes  or  permanent  ponds.  Aside  from  the  small 
ous  on  the  river  flats,  the  only  natural  lakelet  lies  1  mile  east  of 
thviUe  (sec.  2,  Northville  Township),  and  is  known  locally  as 
kes  Lake.  It  has  a  maximum  diameter  of  about  1 ,000  feet, 
is  drained  by  a  small  stream  into  the  middle  branch  of  River 
ige.  Occupying  a  depression  between  the  morainic  knolls  of 
region,  it  receives  considerable  surface  drainage,  and  is  said  also 
>e  fed  by  springs  and  to  be  well  stocked  with  fish.  Owing  to  its 
at  elevation  above  the  village  of  Northville,  it  has  not  been 
ized  for  water  supply.  Although  so  poorly  supplied  with  inland 
;s,  Wayne  County  touches  Lake  St.  Clair  on  the  north  and 
mds  to  Lake  Erie  on  the  south. 

he  water  of  Lake  St.  Clair  is  utilized  to  a  greater  or  less  extent 
the  residents  of  Grossepoint  Township.  Many  of  those  who 
>in  the  lake  pump  the  water  direct  by  means  of  windmills  and 
ribute  it  over  their  grounds  from  elevated  storage  tanks.  Drink- 
water  is  ordinarily  procured  from  wells,  to  be  described  later. 
Natervyorks. — The  village  of  Grossepoint  Farms  is  supplied  with 
er  drawn  from  the  lake  at  a  point  about  1 1  miles  from  the  shore, 
1  great  distance  being  necessitated  by  the  shallowness  of  the  lake. 
\  plant  was  installed  in  1890  by  the  Grossepoint  Construction 
npany  and  is  operated  in  connection  with  an  electric-light  plant. 
\  original  cost  was  S65,000.  The  water  flows  by  gravity  into  a 
ling  basin,  from  w^hich  it  is  pumped  direct.  Two  Walker  pumps 
used,  w^th  a  daily  capacity  of  5,750,000  gallons.  The  ordinary 
ssure  is  35  pounds  to  the  scjuare  inch  and  the  fire  pressure  is  90 
inds.  In  1897  there  were  4  miles  of  mains,  110  taps,  and  27 
)lic  hydrants.  During  the  year  1904  the  pumpage  was  76,600,140, 
I  daily  average  of  209,290  gallons.  There  is  a  resident  population 
)nly  615;  but  this  large  daily  average  does  not  mean  a  daily  per 
ita  consumption  of  340  gallons,  for  tlio  excessive  amount  is  due 
)art  to  the  large  number  of  summer  transients. 
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BTBBAin. 

DETROIT    RIVER. 

fr(n(ral  stati/mnt.  -Thi"  water  supply  of  about  seven-eighths ( 
the  (Milin*  population  of  Wayne  County  is  derived  firom  Detroi 
Kiver,  naturally  one  nf  the  most  magnificont  streams  of  potaU 
water  in  the  world,  when  volume,  purity,  temperature,  andconstanc 
an*  considered.  Opposite  the  center  of  the  city  of  Detroit  its breadi 
is  2,200  f(»et,  its  avera«re  depth  is  37  to  38  feet,  and  there  ismai 
tained  a  rath<M'  constant  velocity  of  2  miles  an  hour.  With  the  lev 
of  Lak(»  Krie  at  normal,  it  is  calculated  by  the  Unit<?d  States enginef 
that  there  Hows  by  Fort  Wayne  in  the  southern  part  of  the  cityea' 
siM'ond  200, <)()()  cubic  fe(»t .  In  the  American  channel  the  maximv 
v(»locity  is  21  niihvs  an  hour,  and  the  average  somewhat  less  thar 
iiiil(»s.  Durinjr  July  and  Auji:ust,  1.S07,  detailed  measurements 
the  How  wen*  nunh*  by  Clarence  W.  llubbell,  engineer  of  the  Detr 
waterworks.  Float  methods  jrave  an  average  flow  of  65,000  cul 
feet  a  second  and  current  nutters  one  of  53,000  cubic  feet  fort 
channel.  When  the  chaimel  is  covered  with  ice  and  the  Canad: 
channel  is  o|)en  the  How  is  reduced  to  36,000  cubic  feet  a  seco 
Th.'  teinptM-ature  of  the  water  ran<res  from  32°  to  70°  F.,  and 
irrcatcst  vertical  ranj;t»  between  the  top  and  bottom  has  never b 
oh.MMvcd  to  exceed  ont^-half  d(\irree.  Between  shore  and  midstre 
the  temperature  of  th(»  wat«M*  may  vary  as  much  as  S°  or  9^,  J 
this  fa<'t  may  be  ummI  to  d(»tect  j)ossible  contamination  from  tribut 
>tnMims. 

Lake  St.  Clair,  which  extends  n(»arly  to  Detroit,  has  ser\'ed 
many  years  as  a  i^reat  settling  basin,  as  is  shown  by  its  shallow  ( 
(lit ion  and  the  *:rowin«r  delta  at  its  head.  The  turbidity  of  the  r 
water  is  low  exce|)t  after  storms,  when  tlu*  bottom  of  Lake  St.  C 
may  Ix*  more  or  less  disturlx'd  and  the  small  tributary  streams  b 
in  sediment.  The  following  is  the  latest  available  mineral  anal 
of  the  river  water: 

.\f  iiu  ml  a  nail/SIS  iij  Ihfmit  lin-a  u'utn\*i 

\\\TU  per  Par 

millinn.  mi! 

Cah'iuin  iVw) 24. (W  Sulphalo  radirh*  iS()^) 

Mii^nrsium  (Mj^) 7.  -14  Chloriiu'  (CI) 

.Murnniuin  (Al) I.  SO  Sillt-u  (SiOj 

Inm  ( Vo) Tran». 

SiKliiim  (Xa^ 2.  7t»                 Total 1 

IV)iassiiim  (  K) Trace.  Total  luiiioral  inaltiM* U 

('ail)onal«*  radhic  ((X);,) 50.  8.5  Or^anii'  mid  volatile  matliM* .' 

"  rwi-nty-firsl  Vim.  Ii»>pt.  .Mirhipjm  ItoHnl  of  Ui'ulth.  I'.NL'.  p.  (n<.  Expn'.^si'«l  by  unalyHt  in 
Thi'ti(;il  (•<»iul»iriution>;  n-i-ompiiti'ti  to  ionit*  lonn  jir  I'liiti'rl  Stut<'S  tJcolojrical  Survey'  For 
luirnT.iI  jinjilv.s«'s  «■«'  Ljiih*.  .V.  C..  Loxwr  MichiKan  iiiinfnil  wat'Ts:  Wut<*r-Siip.  and  lrr.'l*a|>»r  > 
I  .  S   VmoI.  Siirvt'V.  ISOO.  pp.  1H-P.». 
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'Wdteruyorks. — The  city  of  Detroit,  with  a  population  of  317,591  * 
□mI  an  area  of  approximately  29  square  miles,  is  supplied  with  Detroit 
L£rver  water  from  a  single  pumping  station,  believed  to  be  the  largest 
OjL  tJie  world.  The  reservoir  formerly  used  has  been  given  up  and  the 
BBUnping  is  direct,  through  two  distinct  systems,  an  upper  and  a  lower. 
l9tM  central  station  is  located  in  the  extreme  eastern  part  of  the  city, 
>posite  Belle  Isle,  and  the  water  is  taken  from  the  American  channel 
lugh  three  boiler-plate  intake  pipes,  5  and  6  feet  in  diameter, 
>vided  with  box  strainers  placed  in  28  feet  of  water.**  These 
stakes  are  1 ,030  feet,  1 ,505  feet,  and  1 ,505  feet  in  length,  respectively, 
reach  out  from  the  west  shore  into  the  channel  500  feet  and  1 ,000 
t.  Through  these  pipes  the  water  flows  by  gravity  into  a  settling 
^liMin  365  by  775  by  16  feet  deep.  Straining  wells  are  interposed 
*^tiween  this  basin  and  the  pumping  wells. 

^  In  order  to  secure  water  from  nearer  the  center  of  the  main  chan- 
**«^1  there  has  been  constructed  a  10-foot  tunnel  3,160  feet  long,  lined 
••1th  1.5  feet  of  vitrified  brick  and  terminating  in  a  substantial  stone 
•^ril)  located  about  800  feet  above  the  head  of  Belle  Isle.  This  tunnel 
wsie  above  it  about  36  feet  of  stiff  blue  clay  and  about  30  feet  of 
'^i^iiter.  Connecting  with  this  river  tunnel  is  a  shore  tunnel,  lined 
"^Hth  common  brick  and  leading  to  the  receiving  basin  or  direct  to 
♦fhe  pumps. 

The  pumps  used  are  six  in  number:  One  30,000,000  comp.  beam. 

-  two  24,000,000  comp.  beam,  one  24,000,000  triple  AHis,  two  25,000,000 

L  triple  Allis-Chalmers ;  total  daily  capacity,  152,000,000  gallons.     For 

the  year  1904  the  average  daily  consumpticm  was  59,385,121  gallons, 

or  183  gallons  per  capita.     The  average  cost  of  pumping  is  $3.37 

per  million  gallons.     The  total  length  of  mains  is  644  miles,  of  which 

559  belong  to  the  city  proper  and  85  to  the  suburbs,  l)eing  paid  for 

by  the  Villages  supplied.     The  total  number  of  fire  hydrants  is  4,100, 

and  of  service  taps  in  the  city  63,656.     The  total  estimated  cost  of 

the  plant  is  $7,344,456.     The  income  for  1904  for  metered  water  was 

5155,266  and  for  unmetered  water  $277,126. 

The  suburban  villages  supplied  are  Ilamtramck  (population  1 ,559), 
Highland  Park  (612),  Woodmere  (5,034),  Kiver  Kouge  (2,474),  and 
Delray  (6,627).  These  villages  present  a  combined  population  of 
16,306,  of  which  it  is  estimated  that  12,926  are  supplied  with  water 
-.  through  2,570  taps.  The  water  is  all  metered  and  double  city  rates 
are  charged. 

With  the  system  of  direct  pressure  it  has  been  found  impracticable 
to  force  the  water  to  all  parts  of  the  city,  portions  of  which  are  60  to 
"0  feet  above  the  river,  or  to  the  upper  floors  of  the  taller  buildings. 
Accordingly  in  1898  a  double  system  was  installed,  each  with  its  own 

« StAtp  census.  1904. 
J*  An  inte  resting  articU;  by  Clarenei*  W.  IIuhlM>ll  on  the  Detroit  watorworks  is  to  Iw  foninl  m  !»»•• 
t-nginepring  Record,  vol.  47,  No.  25,  190:?,  p.  050. 
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set  of  pumps  and  mains,  one  operated  under  low  and  the  other  under 
high  pressure.  Frequent  tests  at  various  points  in  the  two  systems 
show  a  mean  pressure  in  the  lower  of  17.4  to  51.8  pounds  per  square 
inch,  and  in  the  upper  of  26.6  to  60  pounds  per  square  inch.  Build- 
ings more  than  five  stories  high  are  provided  with  their  own  private 
pumps. 

Below  the  city  of  Detroit  the  people  along  the  river  front,  owing  to 
the  nature  of  the  ground  water  and  the  poor  drainage,  are  dependent 
on  Detroit  River.  The  villages  of  Ford  and  Trenton  and  the  city  of 
Wyandotte  are  supplied  by  pumping  plants  drawing  water  from 
near  the  west  bank.  On  Grosse  Isle  water  is  pumped  by  windmills 
directly  from  the  river  into  elevated  tanks  and  used  for  stock  and 
lawns  and  for  domestic  supplies,  although  good  well  water  is  also 
procurable.  Wyandotte  and  Trenton  own  their  own  waterworks 
systems,  operating  them  in  connection  with  electric-light  plants. 

Ford  is  supplied  with  water  by  the  Michigan  Alkali  Company, 
whose  plant  was  installed  in  1893.  The  village  (population  1,372J 
laid  5  miles  of  mains  at  a  cost  of  $18,500,  the  company  having  1  mile. 
The  water  is  drawn  from  within  the  harbor  line  and  pumped  direct 
by  five  pumps — one  Holly  of  5,000,000  gallons  capacity,  two  Snow 
of  6,000,000  each,  and  two  Nordling  of  3,000,000  each,  giving  a  total 
daily  capacity  of  23,000,000  gallons.  The  average  daily  pumpage 
is  17,000,000  gallons,  large  quantities  being  used  for  manufacturing 
purposes.  The  village  possesses  40  hydrants  and  163  service  tape. 
No  meters  are  in  use,  the  ordinary  dwelling  paying  a  flat  rate  of  $4 
per  annum.     The  village  is  without  sewers. 

Immediately  to  the  south  of  Ford,  and  adjoining  it,  is  located  the 
city  of  Wyandotte,  with  a  population  of  5,425.  The  water  plant  wis 
built  by  tiie  city  in  1889-90  at  an  original  cost  of  $61,371.  The  intake 
pipe  reaches  out  150  feet  beyond  the  harbor  line  and  the  pumping  is 
direct,  with  a  Hughes  pump  of  1 ,500,000  gallons  capacity  and  a  Laid- 
law-Dunn-Gordon  of  the  same  capacity,  making  a  total  daily  capacity 
of  3,000,000  gallons.  The  average  daily  consumption  is  500,000  gal- 
lons, which,  based  on  the  entire  population,  represents  a  per  capita 
consumption  of  about  92  gallons.  It  is  estimated  that  about  90  per 
cent  of  the  people  are  actually  using  this  water,  the  remainder 
depending  on  shallow  wells.  There  are  120  public  hydrants,  1,300 
service  taps,  and  1 1  miles  of  mains.  The  ordinary  pressure  is 45  pounda 
and  the  (ire  pressure  SO  pounds.  Only  a  small  amount  of  wattf 
is  metered  and  this  to  the  few  larger  consumers.  Lying  so  nearly 
at  a  level  with  the  river  itself  the  drainage  is  poor,  while  the  prevail- 
ing sandy  soil  acts  as  a  sponge  and  retains  much  impurity.  The  city 
is  sadly  in  need  of  the  best  system  of  sewers  that  can  be  procured. 
M(mey  has  already  ])een  appropriated  for  building  these,  and  it  is 
unfortunate  that  sufficient  unanimity  of  opinion  can  not  be  secured 
to  push  the  work  tc  c<)mj>letion. 
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JVrnr  miles  south  of  Wyandotte  lies  the  village  of  Trenton,  located 
K'lligher  ground  and  with  a  clay  soil.  The  village,  with  a  popu- 
jftm  of  1,201,  installed  its  own  plant  in  1896  at  a  cost  of  $11,300. 
Se  intake  pipe  reaches  out  210  feet  into  the  American  channel, 
^(ween  the  mainland  and  Grosse  Isle.  A  Worthington  pump  of 
300,000  gallons  capacity  is  used,  with  a  second  high-pressure  pump 

750,000  gallons  capacity.  There  are  22  hydrants,  and  in  1897 
tore  were  160  taps  and  4  miles  of  mains.  The  ordinary  pressure  is 
:^pounds,  and  the  fire  pressure  100  pounds.  The  annual  cost  of  oper- 
isig  is  estimated  at  $1,700.     It  is  further  estimated  that  85  per  cent 

the  population  use  the  river  water.  The  average  daily  pumpage 
■.30,600  gallons,  or  109  gallons  per  capita  for  the  entire  village.  No 
pvers  have  yet  been  projected. 

^hfUamination. — ^Although  naturally  of  excellent  quality,  Detroit 
tter  is  not  above  suspicion  and  safety  lies  only  in  constant  vigi- 
^€e.  Not  far  from  400,000  people  dwell  in  the  St.  Clair  drainage 
sin  between  Detroit  and  Lake  Huron.  Connors  Creek,  just  above 
e  city,  drains  a  region  of  cemeteries  and  truck  farms,  rich  in  com- 
iBt,  and  in  the  early  spring  is  a  menace  to  Detroit.  The  melting 
BOWS  and  heavy  rains  have  swept  the  accumulations  of  the  winter 
fHo  the  river  five-eighths  of  a  mile  above  the  present  city  intakes 
Il4  on  the  same  side  of  the  river.  This  condition  of  affairs  will 
*  remedied  by  the  new  tunnel.  The  city  board  of  health  conducts 
nonthly  sanitary  analyses,  but  these  should  be  more  frequent,  espe- 
cially during  the  spring,  summer,  and  fall.  The  following  table  is 
-^ken  from  its  1902  report,  and  is  of  especial  interest,  as  it  shows 
le  variations  in  the  character  of  the  water  through  an  entire 
^ear: 

Sanitary  analysen  of  Detroit  River  vxiter,  July,  liH)J,  to  June,  lUOJ. 

I     July.       August.     *i;7'-|oetolK.r.'^'Y;';">-'  1^;«;"'- 


ppearanceo '       ('.  C.  ('.       I       C.  V.  ( 


OUU  SM>lids parts  per  million ...  108.  4  104. 2  lO.i 

olAtUe  matter do...  J  41.4  m\.a  44.4 

ODTolatile  matter do i  fu  (.7.  s  '>h.  i\ 

rra  ammonia do .OOS  '  .rxxi  .(rjo 

Ibuminofd  ammonia do I  .074  .oso  .  12('» 

itrogenaA  nit  rates do .lir.!  .(K2  .U'A 

it rocen  a«  nitrites do 0  i  o  o 


111  104  111 

41. «  M.H  41.  (i 

«;<».  2  <i9.2       I        «>0. 4 

.01(1  .(K>4  .012 

.  IHi  .Ofl2  .  102 

.210  .090  .108 

0  0  0 


hlonne do. . . .        2. 80  2.  f<0  2.  •»()  j  2.  so  2.  70  :\.  l .'. 

•^ygen  absorbed  in  15  miniiU's. .  .do .  4^)  '         .^2  .  44  '  .48  .44  .  18 

>xygBn  absorbed  in  4  hours do .  7fi  .72  .S8  .{Mi  .84  .72 

08  io»i  :i7  I  ;J7  103  KM 


4.'{  84  IW  104  170  \W 

110  102  KiO  .82  I       80  20,'i 


iact«»ria  per  cubic  centimeter 

I     H2  47  :.2  '     201.  204  \^ 

Growth  in  2  per  cent  carbolic-acid  gelatin        Nom-.         .Noiio.         None.  |      Non«\         Norn*.  None. 


oC— clear;  N.  C.  =  nearly  ck-ar;  S.  T. -slightly  turl>id. 
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Sanitanj  analifHea  of  Detroit  River  water,  Jvl]ff  1901,  to  June,  1B02 — GoDtiniied. 

I 

I  January. 


F«bru- 
ary; 


Apin'iinmoi*" i 

Tot  111  solids parts  pt'r  million. . 

Vt)ljil ilf  nint tJT do ' 

Nonvolatile  nuitltT <lo 

Fnv  lunnionlri do 

Aibiiininoid  nminonii) d<» — i 

Nitn>pi»n  jih  nilnitcvs do ■ 

Nitn>R«»n  n.s  nitrites do  — ' 

rhlorim* do  — 

Oxyp'n  iihsorU'd  in  15  ininiitoM. .  .do — 
Oxyp'n  absorlH'd  in  4  liours do — 


nactoriii  p<»r  oiil>ic  ot'nlinict^T 

(irou'tii  in. J  |)iT(i>ni  rarlif>lio-aoid  p'latin 


C. 

10^2    ; 

.OQH  I 
.082  1 
.230  ! 
0  , 
2.70 
.40 
.7fi 
87 
1.12 

2(>     ; 

204 
None,  j 


N.C. 
115 
» 
70 

.a» 

.06A 
.148 
0 
a  15 
.9R 
.84 
124 
353 
197 
402 
Nono. 


March. 


April. 


M-y. 


Sm. 


N.C. 

1I&4 
3a8 
796 
.024 
.002 
115 
0 
2.50    < 
.44    < 
.88    I 


170 
105 


None. 


B.T. 
116 

39         I 

77         I 

.016  > 

.OM  I 

.164  I 

0| 

2.75    , 

.40    , 

,80 

105 

190  1 
235  ■ 
302  t 
None.  I 


8.  T. 
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40        I 
7&2     I 

.OB 

.082  1 

.]«! 

0 

3.10   I 

.32   , 

.84   I 

31         I 

48        ' 

06 

115     ; 
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m 

«. 

a 

.■ 
.11 

.M 
I 

in 

.1 
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1« 
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Siiico  tho  first  crude  i>iiinpiiig  plant  was  installed,  in  1825,  withiU 
hors(»-(lrivtMi  pumps  and  tamarack  mains,  the  city  of  Detroit  ta 
n^pcMitcdly  sufForod  from  epidemics  of  disease,  the  germs  of  wKch, 
witliout  reasonahle  doubt,  came  from  the  river  water.  In  1832, 
the  time  of  the  Black  Hawk  war,  a  boat  load  of  soldiers  on  their wiT 
to  Chicatro,  with  cholera  aboard,  anchored  at  the  head  of  Belle  bk) 
and  vcM'v  soon  the  disease  was  epidemic  in  the  village  of  Detroit,  96 
<itiz«Mis  succum])inij.  Two  years  later  cholera  again  ,jappeared  atti 
7  per  cent  of  the  j)opulation  died  in  one  month.  Similar  outbreri» 
occurred  in  1S4!)  and  in  1S54,  causinji:  85  to  40  deaths  daily. 

I)au»rcr  from  cholera  to-day  is  remote,  but  that  from  typhoid  i^ 
<'onstaiitly  at  hand.  The  averafre  number  of  deaths  in  Detroit  frofl* 
tills  dis(»as<»  from  ISKO  to  1004,  inclusive,  beintr  72,  ranging  from  39 to 
JOO.  Th<»  maximum  was  reached  in  1S02,  following  the  dredging  oi 
the  delta  of  Black  River,  at  Port  Huron,  by  the  I'nited  States  Gov- 
erumeMit."  This  delta  contains  sewaj^e  deposits  from  the  city  o 
Port  Huron,  and  its  disturbance  appears  to  have  contaminated  St 
dair  and  Detroit  rivers.  Althouj2:h  some  dredging  had  been  doin 
previously,  the  dredfj:es  were  especially  active  in  the  river  in  1892,  tb 
excavated  material  beint;  loaded  on  barcres  and  dumped  in  St.  Claii 
River  l)<»low  Port  Huron,  (lardner  vS.  Williams,  at  the  time  civi 
en^rineer  to  the  Detroit  water  board,  has  estimated  that  it  woulc 
re(|uire  about  ten  days  for  this  material  to  reach  Detroit.  Allowing 
twelve  days  for  the  incubation  stage  and  twenty-six  days  to  produce 
<leath,  this  <i:ives  a  total  of  forty-eight  days.  The  dredging  began  or 
April  1(),  and  on  June  5  4  deaths  from  typhoid  were  recorded  ii 
Deti-oit ;  in  th(»  next  twenty-five  da}\s  3S  deaths  were  reported  fron 
this  disease.  Since  the  dredging  was  completed  the  typhoid  rat 
dropped  back  to  what  appears  to  be  the  normal.  From  July  1,  1902 
to  July  1,  1004,  64  deaths    were    reporte<l,  or    2    deaths    for   eac 


"WillianKs,  (I 
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1,000  of  population.  This  is  low  when  compared  with  many  other 
ties,  and  it  is  possible  that  some  of  the  cases  were  contracted  else- 
here;  still,  the  great  city  of  Detroit  should  not  rest  satisfied  until 

has  the  lowest  attainable  rate.  The  mortality  rate  for  this  disease  is 
Ten  by  Dr.  V.  C.  Vaughan  as  7.5  per  cent,  so  that  64  deaths  during 
le  last  year  would  indicate  that  there  had  been  about  850  cases,  and 
nee  only  about  one  person  in  from  3  to  10  actually  contracts  the 
sease  on  exposure,  we  may  assume  that  2,500  to  8,500  people  are 
mually  exposed  to  this  lingering  and  expensive  disease;  say  one  in 
rery  ten  families.  As  pointed  out  by  Professor  Williams,  nothing 
Jt  the  exi>ense  stands  in  the  way  of  a  filtering  plant  that  would 
3viat«  such  danger,  and  until  this  is  secured  it  is  on  the  side  of  safety 
)  filter  or  boil  the  water  in  the  home. 

If  there  is  reason  to  view  the  water  secured  from  the  head  of  Belle 
sle  with  some  suspicion,  there  are  still  better  grounds  for  viewing 
ith  positive  distrust  that  which  has  received  the  full  contamination 
f  the  city  of  Detroit  and  the  Canadian  towns  across  the  river.  Since 
practically  all  the  water  that  is  pumped  finds  its  way  sooner  or  later 
nto  the  river  again  as  sewage  or  surface  drainage,  this  means  that 
)0,(K)0,000  gallons  in  this  condition  are  daily  returned  to  the  river. 
The  Canadian  towns  opposite  Detroit  (Walkerville,  Windsor,  and 
sandwich)  have  a  combined  population  of  about  18,000,  and  contrib- 
ite  to  the  river  daily  about  5,800,000  gallons  of  polluted  water.  If 
*'e  assume  that  within  the  limits  of  Detroit  50  per  cent  of  the  rainfall 
inds  its  way  to  the  river  after  having  taken  up  the  filth  of  the  roofs, 
streets,  gutters,  and  walks,  we  have  on  an  average  22,000,000  gallons 
laily  from  this  source.  The  total,  to  say  nothing  of  tlie  pollution 
eceived  below  the  city  of  Detroit,  is  76,000,000  gallons  daily  of  sew- 
ige,  slops,  and  street  washings;  This  represents  11.7  cubic  feet  a 
second,  or  1  gallon  for  every  1,800  gallons  that  flow  by  the  fort  in  the 
outh  part  of  the  city,  where  gaging  was  made.  This  assumes  that 
he  two  are  uniformly  mingled.  Since,  however.  Ford,  Wyandotte, 
nd  Trenton  are  on  the  same  side  of  the  river  as  Detroit  and  the  con- 
curs of  the  river  banks  are  such  as  to  crowd  the  shore  currents  to  the 
test,  Xhe  case  is  certainly  more  serious  even  than  tlie  above  figures 
idicate.  Then,  too,  it  must  be  remembered  that  it  is  really  a  ques- 
ion  of  the  quality  of  the  contaminating  material  rather  than  the 
uantity,  and  that  there  are  in  Detroit  on  tlie  average  nearly  1,()()0 
ases  of  typhoid  each  year.  As  a  direct  line  by  river  from  Wood- 
ard  avenue  to  the  Wyandotte  intake  is  lOV  miles  and  the  average 
?locity  is  somewhat  less  than  2  miles,  the  outflow  from  Detroit  sew- 
s  may  be  pumped  to  unsuspecting  victims  at  Wyandotte  in  from 
X  to  eight  hours  after  its  discharge  into  the  river.  Tliis  does  not 
ve  time  for  the  process  of  oxidation  to  complete  its  work  of  purifi- 
tion,  nor  to  secure  the  death  of  the  organisms  causing  disease.     In 
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tlio  rasi'.  of  Ford,  Ivin^  botwecn  Wyandotte  and  the  source  of  pollutki 
tlie  condition  would  be  still  more  unfavorable,  while  with  TrentM, 
there  is  the  additional  contamination  from  Wyandotte,  which  will  b 
still  more  serious  with  the  direct  flow  from  the  sewers  when  these 
finished.  The  following  sanitarj'  analyses  of  the  water  from  therinr 
at  Wyandotte,  together  with  one  of  water  froma  well  for  comparifloii 
an*  supplied  by  Dr.  V.  C.  Vaughan: 

Sanitary  ajuiiyitett  ofWyandoUe  waters. 
(rartMiN>r  million.] 


Total  n^Hiduo 

InnrgHtiio  inatttT 

OrKank*  niut1<T 

Karthy  lmsi»j».  as  iixidps. 

('hlorihc 

Soiliiiiii 

Sulphato  radii-lr  (S()|i... 
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170 
112 
67 


173 
101 
72 
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81 


L>a.45 
•JO.  75 
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221 

191 

ao 
laim 

25.57    ,         27.57 
l&CiS    ,  14.67 

None. 


1 


.024 
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.on  I 

.016  I 


Fnv  a iiiinonia i 

Alliiiniiiioid  ainnioiiia I  ,  ,  

Nitrop'n  ns  nitrates i , I 

Nltrop'ii  as  nitrites i i , 

Bactoria  (i»«\vl<)i)«Ml  In  72  hours .'«  82  i         45 


Color. 


Hardnt'NS. 


Slightly 

ojwil. 

120 


Opalcs-  I  OpAies- 
ocnt.  oont. 

114.20  114.29 


1. 
Clear. 


100 


.08 
.58 
.15 
.008 


m 

*? 
nam 

Stroll 

tiwfc 

'.IB 
X# 

Bedl0^" 


Nos.  1-3.  river.  1««S;  4.  river.  ISUO:  *..  woll.  IWW. 

Nos.  1  and  2  wen'  pronounei»d  nafo  by  Doctor  Vaujrhan,  while  tho  other  three  cauaed  death  off* 
and  i^ninca  pigs  and  wen*  pronoiiiuff]  iiiisafe.  The  last  two  annlyaoA  were  made  at  the  timeof  atypli' 
eiiidennc.  whUh  was  iM.'iicveil  to  have  lM><>n  eanscd  hv  milk  ctmtHnilnttted  from  the  well.  UntUtOH 
thing  can  Im>  <lone  the  re^i'ients  of  thene  plain's  >:hoiil(l  >»oth  Alter  and  l)oil  their  drinking  water.  ID^ 
way  of  siHMiriiig  a  better  supply  of  wafer  "wveral  propositions  may  Iteoonaidered:  (1)  Inatalliqgftfllft 

'      1  Uivrr  Koug«' to  Tn'nton:  (3)  iiatng  the  Swan  wdtt 


ing  plant:  (2;  exteniling  th«*  Di'troil  mains  from  I 

ease  the  water  from  that  well  provi-s  potable  and  not  te 

weii.s  into  the  Svlvaiiia  san«lstt>ne. 


•  hani  (8eo  analysis  p.  44);  (4>  puttlngdo' 


SMALLER    STREAMS. 


(iihvral  statfnifnf.--  }\a\no(l  in  order  from  the  north,  the  mai 
streams  crossing  the  county  an*  Connors  Creek,  River  Rouge  with  h 
three  l)ninches,  Kcorse  River.  Monguagon  Creek,  Hale  Creek,  an 
Huron  River.  Owing  to  the  comparatively  narrow  drainage  basi 
and  the  very  direct  slope  of  the  land  these  streams  attain  no  consid 
rahle  size  in  southeastern  Michigan. 

Th(»  highest  and  roughest  land  in  Wayne  County  is  founc)  abou 
the  northwest  corner,  when*  th(»  greater  parts  of  Xorthville  and  Plj 
mouth  townships  are  covered  with  morainic  knolls  and  ridges,  tb 
extreme  northwest  corner  of  the  county  attaining  an  altitude  of  97 
feet  above  sea  level.  The  average  surface  slope  from  there  soutl 
eastward  to  Detroit  River  is  16  feet  to  the  mile.  East  of  thi 
morainic  area  the  surface  is  remarka])ly  flat  and  even,  with  an  averag 
slo[)e  of  S.7  feet  to  the  mile,  not  enough  to  be  detected  by  the  ej 
alone.  The  cutting  of  tluur  beds,  especially  in  their  u])per  course 
has  considerably  reduced  the  average  fall  of  the  streams,  but  tl 
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l<x)6e  condition  of  the  materials  over  which  they  flow  is  sufficient  to 
l^eep  them  supplied  with  more  or  less  sediment  and  unfitted  for  gen- 
eral use.  In  only  one  or  two  instances  do  the  streams  touch  bed 
rock,  and  then  only  for  very  short  distances. 

Farmers  whose  places  adjoin  these  natural  watercourses  use  this 
supply  for  their  stock,  for  irrigation  of  their  truck  farms,  etc.  At 
Dearborn  the  Ama  mills  use  the  water  of  River  Rouge,  after  settling, 
in  their  dyeing  business.  At  the  former  Dearborn  power  house  of 
the  Detroit,  Ypsilanti,  Ann  Arbor,  and  Jackson  Electric  Railway  the 
Rouge  supplied  water  for  the  boilers. 

ViaierworJcs, — The  Wayne  County  Infirmary,  at  Eloise,  has  its  own 
system  of  waterworks,  the  plant  having  been  installed  in  1902. 
Previous  to  that  date  the  water  was  pumped  from  the  lower  branch 
of  River  Rouge,  but  it  is  now  taken  from  a  large  well  on  the  flats  of 
the  middle  branch  near  Perrinsville.  This  well,  which  is  35  feet  in 
^  diameter  and  18  feet  deep,  receives  the  flow  from  the  river  as  well 
as  some  surface  water,  necessitating  a  plant  at  Eloise.  The  water  is 
■  pumped  by  a  Worden  &  Hughes  pump  having  a  daily  capacity  of 
=j  1,152,000  gallons  and  driven  with  a  40-horsepower  engine.  The 
-'.  water  is  conveyed  through  3  J  miles  of  8-inch  cast-iron  tubing,  buried 
)  to  a  depth  of  5  feet,  and  emptied  into  an  artificial  lake,  which  is  also 
partly  filled  by  surface  drainage.  From  this  reservoir  it  is  again 
devated  by  pump  and  filtered  through  four  steel  tanks,  6  feet  in 
diameter  by  9  feet  in  height,  filled  with  crushed  quartz.  The  daily 
capacity  of  the  filters  is  200,000  gallons.  There  are  19  hydrants  on 
the  grounds.  The  cost  of  the  plant  was  $30,000  and  the  annual  cost 
of  operating  is  $1,800.  This  water  is  not  used  for  drinking  and 
cooking  purposes,  the  inmates  being  supplied  from  springs  (see  pp. 
63-64).  The  number  of  inmates  cared  for  in  1904  (year  closing  Sep- 
tember 30)  was  1,088,  with  about  100  employees.  River  Rouge  water 
is  used  mainly  for  the  boilers,  on  the  grounds,  and  for  flushing  the 
sewers.  The  following  analysis  of  this  water  from  the  middle  branch 
was  made  by  L.  M.  Gelston,  assistant  in  the  hygienic  laboratory  of 
the  University  of  Michigan.  It  is  considerably  harder  than  that  of 
the  lower  branch,  owing  undoubtedly  to  the  fact  that  the  middle 
branch  receives  the  flow  from  so  many  springs,  especially  those  from 
the  glacial  deposits. 

Analysis  of  water  frort\  Middle  Branch  River  Rmuje. 

Parts  per  Parts  per 

million.  million. 

Inoi^ganic  matter 732       ^  Free  ammonia 0.  133 

Organic  matter 96       '  An)uminoid  ammonia .  124 

Chlorine 37       |  Total  residue  l)y  ovaiX)ration 828 

Potassium 1 .  5  i 

Reaction  neutral.     Algse,  protozoa,  and  bartoria  present. 
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(ontawinatiou.-'lu  a  suit  broujrht  against  the  infirmary  in  1M 
for  the  ])i)lliiti<)n  of  the  stroani  tho  following  analyses  were  madebr 
Prof.  ,].  K.  Clark,  M.  1)..  of  the  Detroit  College  of' Medicine.  Itii 
t  h(Mi  legally  decided  that  the  Rouge  was  being  seriously  contamiiutcdfl" 
and  the  infirniarj"  was  re(|uired  to  put  in  settling  basins  for  itssewige. 
A  series  of  such  basins  now  in  use  treat  the  sewage  with  alum  ml 
linio  and  then  run  it  through  gravel. 

AnalyHtH  of  uxiUt  from  River  Rouge,  shounng  contamination. 
[I'Hrtflitor  million.] 


Above     I      From       ^bctof 


MlmTHl  iimttiT 280         ■         7«       ,       7» 

(>ivuiiieiimtt»'r 150         '         380              3* 

Chloriiu' 5 

Fn»i«  amnmniM .308 

AII)iiniinoi«l  ainiiioiiiM .306 

Tnt;il  soli.lM 430 

UjifU'ria 10,900 


48.8  LIB 

32.68  l« 

i.iao  \,m 

325.000  12.90 


Tli<»  table  is  of  interest  because  it  shows  the  ordinary  condition ivf 
the  water  in  this  stream,  and  in  addition  those  substances  derived 
from  sewage  whi(»h  suggest  the  presence  of  dangerous  bacteria.  Th^ 
amount  of  chlorine,  combined  to  form  common  salt,  has  been  increased 
M)  times,  while*  the  ammonia  has  not  risen  in  proportion  to  the 
amount  actually  present  in  the  sewage  itself.  A  complete  analyse 
of  the  water  would  have  shown  that  much  of  this  had  been  oxidiwd 
into  nitrites  and  nitrates,  whicli  along  with  the  chlorine  furnish  tf^ 
index  to  tlie  prol)able  amount  of  sewage  contamination.  The  p^^' 
(•(Milage  of  bacteria  addcul  to  the  stream  is  small  and  to  but  a  sligW 
eM(Mit  (•apal)le  of  j)ro(iucing  disease,  but  there  is  a  likelihood  tb* 
sooner  or  later  those  of  a  more  serious  nature  will  have  to  be  reckon^ 
witli. 

Huron  Kiver,  the  largest  stream  of  tlie  county,  receives  befol" 
entering  the  county  the  sewage  and  drainage  from  Ann  Arbor  an< 
Vpsilanti,  with  a  ('ombined  popuhition  of  l22,2(M)  people,  and  is  stil 
more  seriously  [Xilluted  by  the  sanitary  works  at  French  Landing 
None  of  the  villages  in  Wayne  (N)unty,  however*,  draw  on  the  rive 
for  a  public  supply. 

CiH<)VNI>   AVATKHS. 

WATERS  FROM  LACUSTRINE  AND  RIVER  DEPOSFTS. 
FOKMATION    OF    DEPOSITS. 

A  seri(\s  of  old  shore  lines  and  beaches,  made  by  the  predecessor 
of  the  present  system  of  Great  Lakes,  traverse  Wayne  County  in 
general   northea^st-southwcst  direction.     In  some  places  these  at 
closely  placed,  and  a  single  township  may  have  as  many  as  six;  J 
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Oilier  places  they  are  broad  and  rather  widely  separated.  Through 
iilie  work  of  the  United  States  and  Michigan  geological  surveys  these 
•ocient  beaches  are  being  carefully  followed  and  maps  showing  their 
location  will  soon  be  available.  The  waves  of  the  lakes,  as  they  stood 
•t  Successive  levels,  threw  up  broad,  rounded  ridges  of  sand,  or  sand 
wood  gravel,  attaining  a  maximum  thickness  of  25  to  30  feet  and  con- 
sistmg  of  cross-bedded  deposits  resting  upon  the  underlying  clay. 

Where  sand  was  especially  abundant  it  was  seized  by  the  lake  winds 
and  heaped  into  mounds  and  ridges  (dunes)  and  sometimes  carried 
landward  for  a  considerable  distance,  being  there  spread  out  into  a 
relatively  thin,  unstratified  sheet.     A  broad  belt  of  such  deposit, 
the  joint  work  of  wind  and  wave,  extends  across  Sumpter,  Romu- 
lus, Nankin,  and  Livonia  townships,  reaching  over  into  those  adjoin- 
ing.   A  similar  belt,  but  with  less  breadth,  passes  across  Huron, 
Taylor,  Dearborn,  and  Redford;  and  a  third,  less  continuous,  passes 
through  Brownstown,  Ecorce,  Springwells,  Detroit,  and  Hamtramck. 
At  the  several  levels  of  the  old  system  of  lakes,  Huron  and  Rouge 
rivers  formed  delta  deposits  opposite  their  mouths,  spreading  sheets 
of  stratified  sand  and  gravel  over  a  considerable  area.     This  was 
particularly  true  during  the  stage  known  as  Lake  Arkona,  when  the 
}    Huron  covered  from  30  to  35  square  miles  of  Van  Buren  and  Sumpter 
\    townships  with  such  a  dressing,  extending  eastward  as  far  as  French 

!  Landing  and  attaining  a  ma::imum  thickness  of  over  20  feet.  A 
similar  but  less  extensive  formation  was  laid  down  where  the  middle 
branch  of  the  Rouge  discharged  into  Lake  Arkona  east  of  Plymouth, 
covering  the  eastern  part  of  Plymouth  Township,  western  Livonia, 
northeastern  Canton,  and  northwestern  Nankin.  These  delta  de{)os- 
-  its  are  continued  up  the  stream  valleys,  where  they  form  terraces  of 
stratified  sand  and  gravel,  the  former  flood  plains  of  the  Huron  and 
I    Rouge. 

WATER    SUPPLY. 

.  These  loose,  unconsolidated  deposits,  niantlini?:  the  day,  are  very 
porous  and  readily  absorb  a  large  part  of  the  rainfall.  They  are  at 
the  same  time  very  permeable  and  deliver  this  water  readily.  For 
a  precipitation  of  32  inches,  with  a  surface  run-off  and  seepage  flow 
of  25  per  cent,  there  would  be  an  average  daily  addition  of  132,210 
cubic  feet  over  every  square  mile,  or  nearly  1,000,000  gallons.  The 
water  sinks  to  the  underlying  clay  and  is  there  held,  or  works  its 
Way  slowly  by  underground  passages  and  seepage  down  a  gentle 
slope.  This  brings  it  quite  near  the  surface,  tliough,  owing  to  the 
Way  in  which  it  is  held,  it  possesses  no  head.  Only  shallow  wells, 
ranging  from  5  to  25  feet,  are  recpiired  to  tap  this  supj)ly;  a  very 
common  depth  is  10  to  15  feet.  In  sinking  these  it  is  usually  not 
necessary  to  reach  the  cla>',  but  when  the  supply  is  reduced  it  is 
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fre(iucntly  desirable  to  make  an  excavation  into  the  clay,  whidii 
serve  as  a  reservoir.  These  wells  as  a  rule  are  dug,  but  are  i 
times  driven,  and  are  cased  with  barrels,  planks,  brick,  stone,  i 
crocks.  The  water  is  obtained  usually  by  suction  or  chain  ] 
the  windmill  being  occasionally  used.  In  the  case  of  wells  in  { 
the  bucket^  with  chain,  rope,  or  |)ole,  is  used  for  dipping,  the< 
fashioned  "sweep"  bein*:  still  occasionally  found.  While  thesupi 
is  ordinarily  sufficient  an<l  very  frequently  abundant,  it  flucti 
with  the  amount  of  precipitation,  and  after  prolonged  drou^ti 
disappear  or  be  so  lowered  as  to  require  deepening  of  the  wAl 
How  much  any  particular  well  will  be  affected,  and  how  prompdji 
will  be  determined  by  the  extent  and  thickness  of  the  deposit  soP" 
plying  the  water. 

In  one-tliird  of  the  wells  from  which  data  were  secured  the  owntf 
report  the  water  to  be  soft  and  suitable  for  laundry  use,  so  thitn* 
cisterns  are  re(piired.  Tliis  shows  that  there  has  been  but  Kttl 
calcium  or  magnesium  carlxmate  dissolved  from  the  sand,  graTd,  ^ 
clay,  either  because  these  substances  were  not  present  originally  ^ 
have  been  leached  out,  or  because  the  water  has  not  had  time  top 
them  in  soluti(m.  In  two-thirds  of  the  wells,  particularly  in  tho" 
which  approach  or  reach  the  clay,  the  water  was  pronounced  haJ 
In  a  few  cases  the  water  was  reported  to  have  changed  from  soft 
hard  and  vice  versa.  Other  mineral  ingredients,  so  common  in  od 
types  of  wells,  are  absent  here  or  only  ver>^  sparingly  present.  1 
temj)erature  of  the  water  in  these  wells  fluctuates  more  than  in  1 
deeper  wells,  ])eing  more  allected  l)y  the  surface  temperature 
the  air  and  soil.  From  what  is  known  of  other  wells  we  m 
assert  that  the  temperature  will  be  highest  in  midfall  and  lowest 
mids])ring. 

Although  obtained  witli  so  little  (lifliculty  and  expense,  this  wa 
is  especially  liable  to  <-ontamination  from  house  and  bam  draint 
and  privies.  Dupuit's  ex])eriments  in  France  have  shown  that  I 
area  drained  by  a  well  is  in  the  form  of  an  inverted  cone,  the  rad 
of  the  base  of  which  may  range  from  15  to  100  times  the  depth 
the  surface  of  the  water  in  the  well.  This  means  that  if  it  is  10  f< 
from  the  surface  of  the  ground  to  the  level  of  the  water  in  the  v 
this  well  may  receive  drainage  from  buildings  150  to  1,600  feet  d 
tant  from  the  well.  It  has  also  been  found  by  experiment  thai 
sluillow  well  heavily  pumi)ed  will  drain  a  larger  area  than  a  di 
well  subjected  to  moderate  pum])ing.  Although  sand  and  gra 
may  serve  as  filters  for  the  removal  of  solid  substances,  subterram 
channels  are  liable  to  be  opened  in  time  and  direct  pollution  occ 
The  sudden  opening  of  such  channels  may  explain  why  some  wc 
wholesome  up  to  a  certain  time,  become  suddenly  a  source  of  gr 
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danger.     This  is  probably  what  happened  to  the  Millspaugh  well  at 
Wyandotte,  the  analysis  of  which  is  given  in  the  table  (p.  58).     It 
is  a  mistake  to  suppose  that  the  direction  of  the  surface  slope  com- 
pletely controls  the  direction  of  underground  drainage.     Wells  of  the 
type  here  discussed  should  be  placed  as  far  as  possible  from  sources 
of  infection  and  should  be  tightly  cased  with  solid  pipe  or  sealed 
crocks  extending  above  the  general  level  of  the  ground  sufficiently 
to  prevent  any  surface  water  from  entering. 

Around  the  margins  of  the  sand  dunes,  where  the  superficial  beds 
of  sand  and  gravel  thin  out,  exposing  the  clay,  or  where  these  beds 
are  cut  b}^  surface  streams  through  the  clay,  the  water  seeps  out  and 
gives  rise  to  one  type  of  springs.  The  flow  may  be  slight  and  simply 
moisten  the  surface  or  it  may  be  concentrated  into  a  single  flow  of 
some  volume.  Most  of  these  springs  are  found  along  the  banks  of 
Rouge  and  Huron  rivers  where  they  have  cut  across  .the  old  lake 
beaches  or  the  deltas  of  their  own  formation.  In  Van  Buren  Town- 
ship some  of  the  farmers  adjoining  the  Huron  and  its  tributaries  are 
utihzing  the  strongest  of  these  flows,  elevating  the  water  to  tanks 
by  means  of  hydraulic  rams.  These  waters  show  only  small  quan- 
tities of  salt,  gypsum,  and  calcium  carbonate,  with  some  iron.  The 
largest  spring  suppUed  from  this  class  is  located  on  the  place  of 
G.  E.  Barlow,  sec.  29,  Livonia  Township,  just  north  of  the  middle 
branch  of  the  Rouge,  where  it  has  been  flowing  strongly  for  many 
years.  It  now  discharges  through  a  2.5-inch  tube  with  considerable 
force — a  hard  water  which  contains  calcium  carbonate  and  calcium 
sulphate,  but  gives  no  reaction  for  salt.  This  is  of  significance,  since 
it  might  prove  to  be  of  superior  quality  in  the  manufacture  of  beet 
sugar.  If  this  spring  were  fully  developed,  along  with  others  on  the 
neighboring  bank,  the  supply  might  prove  sufficient  for  the  village 
of  Wayne,  to  which  it  could  be  carried  by  7  miles  of  pipe.  The  fall 
is  about  14  feet,  enough  to  give  the  water  a  flow  by  gravity,  but 
not  enough  to  secure  pressure.  Wayne  has  made  an  unsuccessful 
attempt  to  secure  a  public  supply  by  means  of  deef)  wells  and  had 
a  survey  made  looking  toward  the  extension  of  the  Detroit  city 
mains  to  the  village.  The  expense  of  the  latter  plan  was  prohibitive 
for  the  time. 

At  the  county  infirmary  at  Eloise  some  1,100  people  are  supplied 
with  drinking  water  from  a  sand  dune  about  one-half  mile  to  tlie 
south,  the  water  being  collected  into  small  reservoirs,  from  which  it 
flows  by  gravity  through  3-inch  tiling  and  is  distributed  by  pipes  to 
the  basements  of  the  buildings  and  by  hand  to  the  drinking  tanks 
on  the  upper  floors.  The  effect  is  said  to  be  somewhat  constipating, 
but  the  water  is  pure  and  abundant.     It  is  said  to  be  soft,  but  does 
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not   uuxkv  a  {voo  hither.     The  followinji:  analysis  of  this  water  Tii| 
iiuule  in  April.  ISSS,  hy  Dr.  Samuel  P.  Duffield,  of  Detroit: 

Ariaiifsis  of  lirinkiiuf  unUr  at  W'aipie  Cvunty  Infirmary,  Kloixr." 

VtiTltt  piT  PirtifK 

million.  wilKm. 

('Mlrium  (Cii) 5S7.48  ■  Sodium  (Na) 172.8 

Curlxmali- la.lirKMCO,) 181. «»  _      .  — 171 

^  ,  ,    ,         1    i     ci  \  X  1  riKii  a-     If  ri'<^  carbon  dioxide 2. 91i« 

('IiK.rinr  (Ch 425.2.5 

WATEES  FROM  GLACIAL  DBPOBITS. 
FOKM.XTION    OF    DEPOSITS. 

Tlu»  ^reat  Canadian  ice  sheets,  which  made  at  least  two  advano* 
across  tliis  section  of  the  State  from  northeast  to  southwest,  reducd 
mucli  liai'il  roek  to  line  fraj^ments  and  spread  it  over  the  bed  nickiE 
a  sheet  varyin«:  in  thickness  from  a  few  to  more  than  200  feet.    Thii 
deposit,  <'onsistin«:  of  tou^h  unstnitified  clay,  generallj^  of  a  blue 
color  and  containing  suban^nlar  fra»];ments  of  bruised  rocks,  is  tech- 
nically known  as  "till."     Stony  ]>ortions  of  it,  probably  largely o 
an  early  ice  invasion,  have  become  <*ompaeted,  and  are  popularly 
known  as  "hardpan."     Whilc^  this  threat  iee  mill  was  at  work  redw- 
in^^   tlic  rock  to  powder  streams  of  water  beneath  the  ice,  resulting 
from   surface   melting  and   rains,   were  assorting  the  deposits  into  j 
^rravcl.  sand,  and  clay.     The  j>(»l)l)les,  rounded  by  mutual  grinding. 
and  the  sand  wen*  arranged  in  layers  in  certain  places  favorable  for 
(le})o>iiion.  to  Im'  covered  by  beds  of  later-formed  till.     In  this  way 
was  built  up  t Ik*  so-called  "^n-ound  moraine*"  of  these  great  iee  sheets. 
Much  of  the  finest   siuliment   seized  by  the  suhglaeial  streams  wa» 
ca|)al>le  of  bein^^  held  a  lon<:er  time  in  suspension  and  so  was  carried 
forward    into   the  cpiiet    bodies  of  water  into   which   these  streams' 
drained,  forming  either  deltas  at  the*  border  or,  where  spread  over  the 
bott<)Mi.  beds  of  linely  stratified  clay,  (piile  (lifVerent  from  the  til' 
its(*lf.     Beds  of  similar  nature  were  formed  in  tin*  ancient  lakes,  pre- 
viously referi-ed  to,  by  the  action  of  the  waves  on  the  till,  the  |>ebbles 
and  sand  during  times  of  storm  being  los.sed  upon  the  beach,  whil<^ 
the  clay  was  carried  into  dc*eper  and  cpiieter  water.     Although  nearly 
th(*  entire   county  was  covered  by  these  waters,  the  only  extensive 
deposits  of  these  lake  clays  are  found   to   the   north   and  west  t>l 
Detroit,  where  they  are  extensiveh'  used  in  the  manufacturer  of  brick- 
The  r(*sult  of  this  wave  action  was  to  cut  down  elevations  left  by  th^ 
preceding  ice  sheet  and  fill  in  depressions,  giving  the  entire  region  8 
more  sulxlued  aspect  and  more  gentle  slopes. 

"  K\|»ri*-^"<1  i>y  jiiDilyst  in  tiypothrtical  com))iiiutionN;  r(*coiiiputoil  to  ionic  fonn  iit   l-niu>(l  St^it' 

<;«M>lM'.'ic;iI  Siirv<'v. 
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WATER    SUPPLY. 


Character  of  beds. — The  beds  of  ancient  lake  clays,  as  well  as  the 
ill  itself,  are  practically  impervious  and  impermeable,  and  hence  can 
TL«ld  no  water  supply.     Water  is  to  be  obtained  only  from  the  inter- 
ME^ded  sheets  of  sand  and  gravel,  the  occurrence  of  which,  owing  to 
ftjjkW  method  of  formation,  is  very  irregular  and  uncertain.     This 
K&ttkes  the  securing  of  a  suitable  water  supply  over  these  areas  diffi- 
rmBll,  uncertain,  and  expensive.     Especially  is  this  true  in  the  north- 
»fli£tem  part  of  Van  Buren,  the  northwestern  part  of  Ronmlus,  and 
J-^rtain  parts  of  Dearborn  townships.     The  rain  water  finds  its  way 
Xfcto  these  permeable  beds,  often  in  regions  remote  from  the  place  at 
wrliich  they  are  tapped  and  frequently  at  a  considerably  higher  level 
trlian  the  bottom  of  the  well.     Hence  the  water  enters  the  well  under 
IMressure  which  may  cause  it  to  rise  nearly  to  the  surface  or  to  over- 
flow.    As  the  water  generally  comes  from  a  greater  distance  and 
from  a  greater  depth  than  that  of  the  type  of  wells  previously  dis- 
cussed, its  temperature  is  more  uniform  and  the  supply  is  more  abun- 
dant and  more  constant.     In  general,  also,  the  water  is  more  highly 
mineralized,  owing  to  its  better  opportunities  for  taking  the  minerals 
it  encounters  in  solution.     Of  all  those  wells  from  which  data  were 
secured,  22.4  per  cent  were  reported  by  the  owners  as  soft  and  77.6 
per  cent  as  hard.     Where  the  water  is  drawn  from  just  above  the 
l)ed  rock  it  is  sometimes  highly  charged  with  minerals,  such  as  salt, 
sulphur,  iron,  etc.,  which  characterize  the  waters  from  the  rock 
itself,  and  the  inference  is  that  the  rock  water  has  mingled  with  that 
from  the  glacial  deposits. 

Xanfowing  welh. — The  nonflowing  wells  generally  vary  in  depth 
from  18  or  20  feet  to  100  feet  or  more,  60  to  75  feet  being  a  connnon 
depth.  The  shallower  ones  are  dug  and  lined  with  stone  or  brick; 
the  deeper  ones  are  driven,  bored,  or  drilled.  In  some  instances  no 
casing  at  all  is  used,  the  clay  being  firm  enough  to  maintain  the 
necessar^^  opening  to  the  water-bearing  stratum.  Owing  to  the  con- 
siderable depth,  heav^"  suction  pumps  are  generally  required  and 
;  windmills  are  in  common  use.  The  deepest  wells  of  this  type  are 
located  in  the  northeastern  part  of  Van  Buren,  northern  Canton, 
northern  Hamtramck,  and  southwestern  Grossepoint  townshi})s,  the 
maximum  found  having  a  depth  of  1S2  feet.  Owing  to  the  nearness 
<>f  bed  rock  to  the  surface  in  Monguagon  and  Brownstown  town- 
ships, the  wells  of  this  class  are  necessarily  shallow,  many  of  them 
stopping  just  short  of  the  rock  in  a  bed  of  gravel.  The  height  to 
which  water  will  rise,  with  reference  to  the  surface  of  the  ground, 
flopends  on  the  head  and  the  elevation  of  the  ground  at  the  inouth 
of  the  well,  and  each  of  these  factors  grows  less  toward  tli(»  south- 
east.    In  the  belts  immediately  surrounding  the  areas  of  (lowing 
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wells,  to  1)0  next  (ioscril)e<l,  the  water  conies  very  near  or  quite  to 
tho  siirfac('  and  drops  back  from  it  as  we  pass  to  the  east  or  the  west. 
In  the  wells  of  this  class  from  which  data  were  secured  80  percent 
w(T<»  reported  hard  and  20  jier  cent  soft.  When  tightly  cased  to  a 
levc^l  above  i^round  the  wells  are  safe  from  contamination.  If  tliB> 
<*asin^  is  too  sh(»rt  at  the  top^  or  if  no  casing  at  all  is  used,  they  mar  > 
receive  surface*  drainajje  and  become  a  source  of  danger.  The  col- 
lect intr  areas  of  this  water  ap])ear  to  lie  in  the  high  morainic  regiois 
to  the  west  and  north,  as  shown  from  the  general  diminution  of  head 
toward  the  south  and  east.  In  a  strip  of  territory  extending  north- 
eastward from  southern  Canton  and  northeastern  Van  Buren  to^ii- 
ships  many  of  the  dee])er  wells  give  umch  salt,  which  presumably  is 
receiv<»d  from  the  underlying  bed  rock.  A  few  data  are  here  giren 
concerning  three  of  the  most  striking.  It  is  likely  that  the  Barker 
wells  penetrat(»d  the  Antrim  shale  without  the  driller  knowing  he 
had  entered  bed  rock. 

The  well  of  C.  K.  Revernitz,  XW.  J  sec.  12,  Nankin  Township,  is 
()()  to  70  feet  de(»p,  the  Antrim  shale  lyuig  at  a  depth  of  70  to  80 feet. 
The  elevation  of  the  mouth  is  api)roxinuitelj^  635  feet.  The  supply 
is  good,  but  there  is  too  nuu'h  salt  in  the  water  to  pennit  its  use:  a 
tobacco  j>ail  full  is  said  to  have  yielded,  on  evaporation,  a  pint  of 
salt.  There  luis  l)een  s(»me  gas  in  the  well.  The  water  lacks  only  4 
feet  of  reaching  tlie  surface,  its  actual  elevation  being  about  631  feet. 

Kdwanl  Barker.  NK.  ]  sec.  27.  (Linton  Township,  has  two  wells, 
whicli  were  >niik  to  a  dej>tii  of  los  feet  in  1001.  The  Antrim  shale 
i.s  su|)|)ose(l  In  ])o  from  100  to  1 10  feet  from  the  surface.  The  approx- 
imate ('leva  I  ion  of  (he  mouth  of  the  w(»ll  is  057  feet  and  the  head  is 

\'2  fj'ci.  giving  the  water  an  elevation  of  (>4."i  feet.  Salt  water  was 
secured  from  ii(»ar  the  bottoni,  (>  t*)  7  (juarts  yielding  a  teacup  of  salt. 
This  water  has  beiMi  used  for  preserving  pork.  The  well  was  plugged 
below  to  shut  off  this  supj>ly  and  fresh  water  was  used  from  a  higher 
level  in  the  well. 

W.  A.  \\  allace,  SK.  ]  sec.  ;>L\  Canton  Township,  has  a  bored  well 
70  feel  {\vv\).  The  Antrim  shale  lies  at  SO  to  00  feet.  The  elevation 
of  the  well  mouth  is  (>or>  feet  and  of  the  water  surface  687  feet.  The 
water  is  s(M'ured  from  just  over  hard  pan  and  is  hard  and  salty,  too 
nmch  so  to  drink,  but  may  be  used  for  other  liousehold  purposes. 
Cattle  will  drink  it,  and  recjuire  no  other  salt. 

Some  of  these  mineralized  waters  not  so  highly  charged  w-ith  salt 
an*  IxMii^i;  put  on  the  market  for  their  medicinal  properties  and  sold 
in  Detroit  by  the  gallon.  One  of  these  sources  of  supply  is  on  the 
Kout^e  Hats  at  Plymouth.  It  is  owned  by  Dr.  M.  V.  B.  Saunders, 
of  Detroit,  an<l  is  advertised  as  tlie  "Plymouth  Rock  Mineral  Well." 
The  d(»pth  is  7A  feet,  the  first  25  feet  of  which  were  dug  and  the  re- 
mainder drilhnl.     The  elevation  of  the  mouth  of  the  well  is  about 
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0  feet,  and,  as  the  rock  surface  here  is  believed  to  be  from  630  to 

0  feet,  it  is  likely  that  the  well  penetrated  the  Coldwater  shales. 
le  water  was  said  to  have  been  secured  from  beneath  an  exceed- 
;ly  hard  18-inch  stratum.  It  is  reported  that  3,000  gallons  are  sold 
nually,  and  that  it  has  been  found  especially  efficacious  in  cases  of 
sumatism,  kidney  and  bladder  troubles.  The  following  analysis, 
Ken  from  the  advertising  circular,  was  made  by  Prof.  John  E. 
wk,  M.  D.,  of  the  Detroit  College  of  Medicine: 

Analysis  of  Plymouth  Rock  mineral  water. a 

Part*  per  Parts  per 

million.  million. 

■asiumCK) 11.58     Carbonate  radicle  (CO3) 192.95 

»  (SiOJ 8.  57  I  Calcium  (Ca) •  24. 22 

1  and  alumina  (Fe^aAiPj) 29.76  '  Magnesium  (Mg) 14.36 

orine  (CI) 149.43  \  Organic  and  volatile 22.25 

ium(Na) 124.01  ' 

phate  radicle  (SO4) 4.31  i 


581.44 


Carbonic-acid  gas  and  carbonate  of  lithium  present,  but  not 
Jmated. 

A  similar  well  near  the  above  is  owned  by  II.  P.  Peters  and  has  a 
pth  of  80  feet,  possibly  also  reaching  bed  rock.  The  water  is  said 
have  originally  flowed,  and  has  been  put  on  the  market  as  *'hydro- 
jbon  mineral  water."  Bubbles  of  gas,  apparently  carbon  dioxide, 
•e  continually  rising  to  the  surface. 

Flowing  wells. — When  the  head  or  pressure  with  which  these  waters 
Iter  the  wells  is  sufficient,  the  water  reaches  the  well  mouth  and 
^erflows.  Two  belts  of  such  flowing  wells  cross  Wayne  County, 
eing  the  continuation  of  similar  l)elts  in  Monroe  and  Washtenaw 
)uiities.  One  of  these  belts  begins  in  the  northwestern  part  of  Van 
uren  Township  (sees.  3,  4,  5,  and  6),  extends  northward  across  Can- 
>n,  with  a  breadth  of  3  miles,  reaches  into  sec.  34  of  Plymouth,  and 
mtinues  into  the  western  part  of  Livonia  Township.  The  belt  is 
3t  continuous,  and  nearly  all  of  the  wells  that  are  still  flowing  lie  to 
le  east  of  the  gravel  ridge  formed  by  the  waters  of  (flacial  Lake 
•Tiittlesey  and  known  as  the  Belniore  beach.  This  is  clue  to  the 
ict  that  the  water  does  not  liave  sufficient  pressure  to  reach  the 
vel  of  this  beach,  which  is  about  74(1  feet  above  sea  l(»vel.  A  sec- 
ad  belt  of  flowing  wells  lies  in  the  eastern  part  of  tlie  county,  reach- 
ig:  its  fullest  development  in  tlie  soutJiern  i)art  of  Brownstown  Town- 
lip,  where  it  is  about  5  miles  across.  In  the  northern  part  of  the 
)wnship  it  is  interrupted.  A  few  isolated  wells  occur  in  eastern 
aylor,  in  Ecorce,  and  in  Springwells  townships,  where  they  cease 
ecause  of  the  elevation  of  the  surface  on  apj)roaching  Detroit.     In 

'Expressed  by  analyst  in  hypoth<'ti<'al  coinliiiuitions;  riHoiiiputod  to  ionic  format  rnito<I  Stales 
^"ological  Sarvey. 
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Grossc'point  Township,  near  the  lake  level,  there  is  at  least  one  flov^ 
ing  well.  Tliere  are  also  scattered  flows  up  the  Huron  Valley  (i- 
Willow. 

The  avera<;o  tenL])erature  of  the  wells  of  the  county,  as  measurri 
in  May  and  June,  is  52°  P.,  or  slightly  less,  but  some  show  a  rise  of 
1^  to  l^°  in  the  fall,  owin^  to  the  effect  of  the  sununer  heat  on  pipai 
through  wliieli  they  slowly  discharge.  It  is  probable  that  if  the  bot- 
tom temperature  were  taken  it  would  be  found  to  be  more  constant, 
especially  in  the  ease  of  the  deeper  wells  and  wells  with  a  weak  flow. 
In  these  tin*  waters  are  either  warmed  or  cooled  as  they  approidi 
the  surface,  except  at  times  of  year  when  the  surface  temperatun 
corresponds  closely  with  the  temperature  of  the  bottom  of  the  wdL 

To  the  farmers  these  wells  are  a  great  saving  in  time  and  expense 
of  pumping,  while  the  low  sununer  temperature  and  constant  flow 
are  of  great  service  in  caring  for  milk  in  the  dairy.  The  tanks  dt 
not  ordinarily  freeze  over  in  winter  and  are  thus  available  for  the 
stock.  The  wells  are  about  equally  divided  between  hard  and  soft 
water,  somk*  of  unusual  softness  occurring  at  Dentons,  where  thej 
take  the  phice  of  cistern  water. 

The  two  following  i>artial  analyses,  furnished  by  M.  O.  Leighton, 
of  the  United  States  (leological  Survey,  show  the  relative  compoo- 
tion  of  drift  and  rock  waters  at  Dearborn: 

Partial  analysts  of  drift  and  r<H-k'  iraUrs  at  Dearborn. 

irnrts  jMT  inil)i<»ii.] 


: 


('ol<»r 32  32 

InwitK*'  ■  Tnu*t\  2 

ChlMhii.' iCi  19  15 

C».rlH>iMli(.xi.li' (CO,. «7.fl4  97.61 

Sulphur  iri<».xiM<- iSO.i W  522 

S.  1.  I.«'\vi'*.  ;iii;il>st.     I.  A.  Wiijjncr;  tli'pth. -S  f«ft.    l».  A.  W.-i^mTtn^'k):  dopth,  115  f«»t. 

These  waters  are  said  to  produce  only  a  V(»rv  little  scale  in  the  ti* 
kettle,  (»v(Mi  after  s(»veral  y(»ars'  u.se.  Simple  tests  show  slight  trace* 
of  sah,  iron,  and  lime  carbonate,  hut  no  lime  sulphates,  or  but  a 
trace.  This  condition  of  the  water  may  l)e  due  in  part  to  contin- 
uous leaching,  the  result  of  which  would  be  to  change  flowing  wells 
from  hard  to  soft.  The  breaking  in  of  new  veins  might,  however, 
suddenly  change  the  water  from  soft  to  hard.  The  water  in  the 
eastern  b(»lt  is  almost  invariably  charged  with  either  iron  or  sulphur, 
along  with  the  other  minerals  commonly  present,  owing  to  the  nea^ 
ness  of  bed  rock.  The  pressure  is  generally  low  and  sufhcient  only 
to  elevate*  the  water  a  few  feet  above  ground  level,  but  is  somewhat 
greater  in  the  western  district.  Tn  the  Penny  well,  sec.  .3,  Canton 
Township,  there  Is  a  strong  flow  which  will  rise  12  feet,  thus  having 
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t  elevation  of  about  727  feet  above  tide.  Most  other  wells  in  the 
38tem  part  of  this  belt  indicate  an  elevation  of  710  to  720  feet, 
lich,  as  a  rule,  drops  to  the  southeast  more  rapidly  than  does  the 
rface  slope  of  the  land,  ranging  from  6  to  12  feet  to  the  mile  within 
e  belt.  Most  of  the  flowing  wells  in  the  eastern  belt  are  from  the 
>d  rock,  and  thus  belong  to  the  class  next  to  be  described.  The 
Hilarity  in  the  character  of  the  water  would  indicate  that  the 
allower  wells  derive  their  supply  and  head  from  the  same  source, 
id  hence  that  the  two  belts  of  flowing  wells  are  genetically  distinct, 
o  western  coming  from  the  drift  and  the  eastern  from  bed  rock. 
le  table  on  page  70  shows  the  chief  characteristics  of  this  group 

wells. 

The  head  and  volume  of  the  flow  are  reported  to  be  on  the  decrease 
id  the  flowing  well  areas  are  being  reduced.  This  may  be  due  to 
veral  causes — climatic,  clogging  by  sand,  sinking  of  new  wells, 
id  constant  and  useless  waste  of  water.  Nature  may  be  expected 
)  attend  to  the  matter  of  precipitation;  sand  pumping  and  deepening 
ill  give  temporary  increase  of  flow;  but  concerted  action  is  required 
a  order  to  prevent  the  waste  of  this  valuable  resource.  Wells  that 
ire  not  being  used  should  be  plugged  and  others  in  use  should  have  their 
iow  reduced  to  meet  only  the  immediate  requirements.  One  driller 
•eports  that  he  rarely  finds  a  farmer  wilUng  to  make  any  reduction 
ifhatever  in  the  size  of  the  flow. 

The  following  partial  analysis  of  an  unusually  soft  water  from 
:he  parsonage  well  (depth  75  feet^  near  Denton,  in  the  western  part 
)f  the  county,  has  been  furnished  by  M.  O.  Leighton,  of  the  United 
5tates  Geological  Survey.  The  water  tested  is  one  of  the  softest 
n  the  State. 

Partial  analysis  of  wtU  vxUer  at  Denton. 

Parts  per  I  Parts  per 

million.     '  million. 

)olor 10  I  Carbon  dioxide  (CO2) ^.61 

iron(Fe) TracA  Sulphur  trioxide  (SO3) 29  (?) 

:hlorine(Cl) 8.75  |  Hardness 56.1 

S.  J.  Lewis,  analyst. 

The  following  partial  analysis  of  the  well  water  at  the  Commercial 
Hotel  at  Wayne  is  furnished  by  M.  O.  Leighton,  of  the  United  States 
Geological  Survey: 

Partial  analysis  of  well  water  at  Commercial  Hotel,  Wayne. 

Parts  per  I  Parts  per 

million.     1  million. 

Color 19  !  Carbon  dioxide  (CXDa) ^-81 

Iron(Fe) Trace.       Sulphur  trioxide  (SO3) 88 

Chbriiie(a) 15 

S.  J.  Lewis,  analyst.     Depth  of  well,  14  feet. 
IKR  182—06 6 
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Boiling  springs, — ^The  western  half  of  Plymouth  and  nearly  the 
lole  of  Northville  townships  are  covered  with  ridges  and  knolls 
till,  interpersed  with  similar  masses  of  stratified  gravel  and  sand, 
raig  a  very  rough  aspect  to  the  country.  The  features  are  those 
a  moraine  formed  at  the  ice  margin  during  a  temporary  halt  in 
i  general  eastward  retreat.  The  Glacial  lake  waters  subsequently 
vered  the  lower  knolls  lying  to  the  east,  but  elsewhere  the  original 
ughness  left  by  the  ice  has  been  very  largely  retained.  The 
idrained  depressions  conunon  to  such  regions  are  not  of  sufficient 
agnitude  to  give  rise  to  lakes  of  any  considerable  size,  the  largest 
>ing  Yerkes  Lake,  previously  noted.  Some  of  these  lake  sites 
ive  been  filled  with  vegetation  and  are  now  drained,  yielding  a 
ack  mucky  soil  especially  adapted  to  certain  crops.  Securing 
ater  from  these  clay  knolls  and  ridges  by  means  of  wells  is  as  dif- 
cult  and  uncertain  as  on  the  clay  plains  to  the  east,  and  at  times 
ecomes  impossible.  The  deposits  of  sand  and  gravel,  however, 
erve  as  reservoirs  for  water,  and,  owing  to  their  extent  and  height 
0  the  north  and  west,  frequently  yield  large  quantities  under  pres- 
lure.  Along  the  hill  slopes  and  in  thie  valleys  heavy  natural  flows 
xcur,  giving  rise  to  what  are  known  as  '^bold''  or  *^  boiling'^  springs. 
They  diflfer  from  the  seepage  springs  in  that  they  have  a  head,  and 
generall}^  stronger  flow,  are  subject  to  less  variation,  show  a  steadier 
temperature,  and  yield  a  harder  water.  In  numerous  cases  the 
waters  are  piped  to  dwellings  and  bams  and  yield  an  ideal  supply, 
as  OR  the  Starkweather  place  in  the  southwest  part  of  Northville 
Township,  where  a  spring  located  in  the  NW.  J,  sec.  (S,  is  piped  to 
the  house,  having  a  fall  of  16  feet,  delivering  a  1-inch  stream  and 
keeping  5  troughs  supplied  with  most  excellent  water  for  stock. 
This  water  contains  considerable  calcium  carbonate,  a  very  little  salt, 
and  gives  no  reaction  for  calcium  sulphate. 

Two  similar  springs  are  utilized  by  the  United  States  fish  hatchery 
at  Xorthville  (see  PI.  Ill,  A,  p.  44).  After  cleaning  in  1896  the  flow 
from  the  larger  was  somewhat  more  than  500  gallons  a  minute,  but 
has  been  gradually  declining  since.  In  the  fall  of  1904  a  second 
cleaning  failed  to  increase  the  flow  nuich.  According  to  the  earlier 
Imports  the  temperature  was  47^  F.,  but  is  now  48°,  with  only  slight 
Variation  from  season  to  season.  This  is  the  coldest  water  observed 
m  any  part  of  the  county.  It  is  rendered  hard  by  considerable  calcium 
carbonate,  but  gives  no  reaction  for  salt  or  gypsum.  Immediately 
heneath  the  hatchery  building  is  a  second  spring  which  has  yielded 
136  gallons  a  minute  and  has  a  temperature  of  48°.  There  are  two 
flowing  wells  having  a  depth  of  106  feet,  which  yield  1  \  and  2  gallons 
^minute,  with  a  temperature  of  50°,  hut  the  water  contains  sulphur 
and  iron  and  is  destructive  to  both  eggs  and  fish. 

The  villages  of  Northville  and  Plymouth  are  favorably  situated  for 
utilizing  similar  flows  from  springs  sufficiently  elevated  to  give  the 
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necessary  pressure  without  pumping.  The  water  is  cold  and  pure;  is 
rendered  hard  by  calcium  carbonat<? ;  gives  no  reaction  for  gypsum,  and 
only  a  slight  one  for  salt.  The  supply  is  sufficient  except  during  times 
of  prolonged  drought.  The  water  is  not  metered  and  no  estimates  are 
kept  of  the  amount  used.  Neither  of  the  villages  are  supplied  witi 
sewers,  the  drainage  being  good  in  both  cases.  The  plants  are  owned 
and  oj>erated  by  the  villages  themselves.  Xorthville,  with  a  popult* 
tion  of  1,627,  draws  its  supply  from  two  springs  in  Oakland  Countv, 
about  4  miles  distant.  The  springs  are  about  1,000  feet  apart  and 
empty  into  a  small  receiving  basin,  from  which  the  water  flows  by 
gravity,  with  slight  fall,  to  a  reservoir  overlooking  the  village  and  100 
feet  above  it.  The  reservoir  is  260  by  1 60  feet,  with  a  depth  of  18  fe«t 
and  an  estimated  capacity  of  2,5()(),000  gallons.  The  plant  WM 
installed  in  1892-93,  the  village  bonding  for  $30,000  at  the  time  and 
for  $8,000  later.  Vitrified  12-inch  crocks  were  first  used  and  found  I 
unsatisfactory  because  of  breakage  and  leakage,  and  at  much  addi-  ' 
tional  expense  w^ere  replaced  with  1 0-inch  iron  casing  buried  4  to  6 
feet  in  the  ground.  The  domestic  pressure  is  50  pounds  and  thatm 
the  hydrants  70  pounds  to  the  square  inch.  There  are  9  miles  of 
mains,  which  consist  of  4-inch  and  10-inch  pipes.  There  are  40 
hydrants  not  j)aid  for  by  the  village  and  325  service  taps.  The 
income  derived  from  private  consumers  is  about  $950  per  annum, 
and  the  cost  of  maintenance  about  $200.  A  si»vere  test  of  the  system 
was  made  hi  1899  at  the  time  of  the  burning  of  the  plant  of  the  Globe 
Manufacturing  Company,  when  ten  streams  were  kept  playing  from 
3  a.  ni.  until  2  p.  m.,  and  then  three  streams  until  evening,  at  the  end 
of  whicli  time  it  was  found  thnt  the  reservoir  was  lowered  but  18 
inclies. 

The  village  «)f  Plymouth,  with  a  population  of  1,663,  has  a  system 
similar  to  that  of  Northville,  its  springs  being  in  the  NE.  J  sec.  8, 
Xorthville  Township,  in  the  bottom  of  an  old  drahiage  channel  from 
the  i('(»  sheet.  The  village  has  Ihtc  purchased  an  acre  of  land  on 
whicli  an  excavation  50  by  60  by  6  feet  has  been  made,  lined  with 
cobble,  and  surrounded  by  a  high  wire  fence.  From  this  the  water 
flows  by  gravity  t«)  a  reservoir,  which  is  located  2  miles  from  the 
village  and  103  feet  above  it,  and  which  has  dimensions  of  100  by  80 
by  14  feet,  giving  an  estimated  capacity  «)f  about  500,000  gallons. 
The  system  was  installed  in  1S93,  4 J  miles  of  12-inch  sewer  pipe  being 
laid  at  a  cost  of  $30,000.  Plymoutli  has  had  the  same  expensive 
ex]>erience  as  Xorthville,  which  comj)et(Mit  advice  would  have  pre- 
vented. Tli(»  sewer  pipe  is  now  being  replaced  by  iron  casing,  which 
will  swell  the  expens<»  to  near  S50,000.  The  annual  income  is  $2,200 
to  S2,30(),  and  the  expense  of  operating  about  $150,  aside  from  the 
fire  dej)artnient.  There  are  10  miles  of  mains,  60  hydrants,  and  300 
service  taps.  The  average  pressure  is  42  to  45  poun<ls.  It  is  esti- 
mated that  75  j)er  cent  of  the  ])opulation  use  this  water,  the  remainder 
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WATBB8  FBOM  BED  BOCK. 
GEOLOGIC    FORMATIONS. 

Beneath  the  mantle  of  clay,  sand,  and  gravel,  resulting  from  the 
joint  action  of  wind,  water,  and  ice,  there  lies  a  series  of  stratified 
rocks,  consisting  of  sandstone,  shale,  limestone,  and  dolomite.     In 
past  geologic  ages  these  beds  were  formed  in  the  sea,  in  approximately 
horizontal  layers,  but  they  were  early  upheaved  and  tilted,  so  that 
their  edges  have  a  general  northeast  trend  in  Wayne  County,  and  the 
beds  themselves  dip  to  the  northwest  at  the  rate  of  some  30  to  35 
feet  to  the  mile.     They  still  retain  some  of  the  minerals  belonging 
to  the  concentrated  brines  of  the  primitive  seas,  and  others  deposited 
at  the  time  the  rocks  were  forming  or  subsequently.     These  beds 
supply  a  limited  part  of  the  county  with  a  more  or  less  highly  mineral- 
ized water,  much  of  which  flows,  but  some  of  which  must  be  pumped. 
The  youngest  and  highest  of  this  series  of  beds  in  Wayne  County  cuts 
across  the  northwest  comer.     It  consists  of  shales,  with  some  sand- 
stone, and  is  known  in  the  State  as  the  Coldwater  shale  (Waverly 
and  Cuyahoga).     Beneath  this  lies  the  dark  Antrim  shale  (Genesee), 
generally  yielding  gas  and  faint  traces  of  oil.     Next  in  order  come 
the  bluish  beds  of  shale  and  limestone,  making  up  the  Traverse  group 
(Hamilton),   and  frequently  referred  to  as  **soapstone;''  beneath 
which  lies  a  solid,  light-gray  limestone  known  in  the  State  as  the 
Dundee  (Comiferous).     Below  this  limestone  is  a  drab  dolomite,  the 
Monroe  group  (Lower  Helderberg),  which  drillers  do  not  ordinarily 
separate  from  the  preceding.     Embedded  in  it  and  of  the  same  geo- 
logic age  is  the  so-called    Sylvania    sandstone,  a  pure  glass  sand, 
cutting  across  the  extreme  southeastern  part  of  the  county;  this  is 
the  oldest  of  the  formations  reached  directly  beneath  the  clay  in  the 
county.     Still  older  and  lower,  however,  and  coming  near  the  surface 
^    in  Monroe  County  and  bordering  parts  of  Ohio,  lie,  in  order,  the 
Monroe  beds  below  the  Sylvania  sandstone  (Lower  Helderberg  and 
Salina),  the  Niagara,  Medina,  Hudson,  Utica,  and  Trenton,  the  last 
being  the  oldest  bed  reached  by  borings  in  the  county. 

WATER    SUPPLY. 

Flowing  welh. — The  wells  of  this  class  comprise  most  of  those  in 
the  eastern  belt  described  above  (p.  67).  They  are  heavily  mineral- 
ized, as  a  rule,  and  frequently  rendered  rank  by  sulphur  and  iron. 
The  average  temperature  is  51.4°,  as  compared  with  52°  for  the 
flowing  drift  wells,  but  rises  slowly  as  the  water  comes  from  greater 
depth.  Theoretically  the  temperature  should  be  still  more  constant 
than  in  the  drift  wells,  but  it  must  be  afTected  in  the  same  way  and 
to  the  same  extent  as  it  rises  to  the  surface.  With  reference  to  the 
level  of  the  ground  the  head  is  generally  slight,  ranging  iroitv  a  \xiexe 
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rise  to  the  surface  to  15  and  25  feet  above  in  exceptional  crises. 
Doiitons,  in  a  well  along  the  railroad  track,  the  water  is  reported 
havo  reached  the  second  storj'  of  a  building,  indicating  its  ri« 
about  715  feet  above  sea  level.  The  Swan  well  on  Grosse  Isle  istl 
easteniniost  of  the  ilowing  wells  in  the  countj^  and  has  a  headfll 
507  feet.  Measured  between  these  two  extreme  wells  the  av( 
reduction  in  head  toward  the  southeast  is  5.6  feet  to  the  mik 
Between  the  Flat  Uock  wells  and  those  on  the  lake  shore  the  avenp 
reducti«)n  per  mile  is  3.5  feet.^  Although  the  rock  strata  are  dippii| 
to  tlie  northwest,  these  facts  indicate  that  the  source  of  supply  is  to 
the  west,  ns  pointed  out  bv  Fuller  in  his  report  on  the  failure  of  wdk 
along  lower  Huron  l^iver  (p.  37). 

Tlie  table  on  ])age  76  gives  the  principal  data  concerning  the  flowinj 
wells  fnMU  bed  rock.  The  most  w<mderful  of  the  entire  set  istJi 
Swan  well,  described  by  Fuller  (pp.  43-44),  which  flows  3,000  giUoBi 
a  minute,  «>r  4,32(),()()()  gallons  a  day — enough  to  supply  several  timM 
over  the  entire  river  front  from  Trenton  to  Detroit.  It  has  recentlt 
been  stated  in  the  ]>apers  that  the  Grosse  Isle  Mineral  Company  hii 
been  organizeil  to  put  the  water  on  the  market  under  the  naW 
"Kathairo''  (see  p.  44  for  analysis). 

Sprhtgs. — In  the  Brownstown  region  of  flowing  wells  there  •» 
numerous  natural  flows  charged  with  iron,  sulphur,  calcium  sulphate 
cnlciuni  carbonate,  and  sometimes  considerable  salt.     Tliese  arenwrt 
numerous  along  Huron  River,  from  Flat  Rock  to  Lake  Erie  and  north- 
wanl  to  (libraltar.     The  water  is  generally  too  rank  for  use  and* 
Ix'licvcd  to  conic  from  bed  rock,  having  nuidc  for  it^f  a  natural  chan- 
nel thron;j:li  the  clay.    Such  si)ringsar(»  found  in  Brownstown  as  follows  *- 
T.   1  S.,  U.  10  K.i'XK.  1  sec.  2S,  SW.  1  sec.  30,  SE.  \  sec.  31,  NE.  I 
sec.  :;<•,.     T.  ."S  S.,  R.  10  K.:  SW.  1  sec.  5,  NK.  \  sec.  9,  SE.  J  sw.  13, 
NW.  (  sec.  1,  cast(M'n  and  southern  ])ortions  of  sec.  24.     An  analysis 
of  tlic  "Wyandotte  White  Snl[)hur  Springs,"  the  location  of  which  i^ 
unknown  to  the  writer,  is  given  by  IVale"  and  is  quoted  bj-  Lane.* 

\(ni Jloinnf/  in  lis.-  -TUo  principal  facts  relating  to  the  nonflowing 
wells  from  rock  have  b(»en  grouped  together  in  the  table  on  page 77? 
from  whicli  the  character  of  the  water  from  the  various  geologic  hori- 
zons may  be  seen  at  a  glance.  The  water  is  generally  hard  and  highlj 
mineralized.  In  a  few  easels  only  is  it  rep(»rted  to  be  soft.  Time  di<^ 
not  permit  the  securing  of  records  of  the  temj)eratures  of  the  water  o 
tiiese  v.'cUs,  but  owing  to  the  fact  that  it  stands  more  (piietly  in  tb 
])ipes,  fre(|iu»ntly  not  far  from  the  surface,  it  is  undoubtedly  mof 
variable  tiuui  in  the  artesian  wells.  Tlie  head  of  tiiese  rock  watet 
also  drops  as  we  pass  eiustward.     The  following  analysis  of  the  wat€ 

"  Vt-iiW.  \.  C.  Lists  and  unitlyscH  of  th««  iiiincnil  Kprinf^.s  of  thr  I'ljitod  SlHtcs:  Bull.  ir.  8.  Ood.  So 
vpy  Nm.  .tj.  is.Mi.  p.  i-,o. 

*  Liinr.  A.C.,  Lower  Michiguii  iiiiiiiTuI  waUrrs:  Water-Sup.  and  Irr.  PaptT  No.  31,  L".  S.  CiooL  Survuj 
1809,  p.  72. 
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from  an  850-foot  well  at  the  Wayne  County  Infirmary  at  Eloise  shows 
licw  heavily  charged  with  minerals  these  waters  may  become.  The 
iRrell  was  drilled  for  gas  by  C.  C.  Nims.  The  Traverse  group  was 
»t;ruck  at  130  feet  (the  elevation  of  the  well  mouth  being  about  625 
'foet)  and  yielded  a  flow  of  fresh  water.  The  well  passed  through  this 
"ffonnation  and  the  underlying  Comiferous  and  entered  the  Monroe 
gi^up,  from  which  a  strong  brine  was  secured,  with  some  suggestions 
of  oil.  The  analysis  was  made  by  Dr.  S.  P.  Duffield,  of  Detroit,  April 
18, 1888. 

Analysis  of  vxUerfrom  salt  toeUf  Waynt  County  Infirmary ^  Elcise.a 

Parts  per 
million. 

Calcium  (Ca) 9,714.65 

Carbonate  radicle  (CO3) 3,970.25 

Magnesium  (Mg) 150.17 

Sufpbate  radicle  (SO,) 12,354.88 

Chlorine  (CI) 40,214.11 

Sodium  (Na) 25,354.54 

Total  solids 91,758.60 

Hydrogen  sulphide 405 

These  highly  charged  mineral  waters  are  used  for  bathing  purposes 
,  at  two  places  in  Detroit — the  Clark  Riverside  bath  house  and  the 
;  Detroit  sanitarium.  The  well  at  the  latter  place  has  a  depth  of  307 
feet,  entering  the  Comiferous,  and  yields  a  mineral  water  strong  in 
sulphur.  The  depth  of  the  Clark  well  either  is  not  known  oriias  not 
been  given  out,  but  it  is  probably  not  very  different  from  the  other. 
An  analysis  of  its  water  is  given  by  Lane.^  Along  Detroit  River  from 
Delray  to  Trenton  artificial  brines  are  made  by  forcing  water  to  the 
salt  beds  of  the  lower  Monroe  series,  where  they  dissolve  the  solid 
rock  salt  and  flow  to  the  surface.  The  salt  is  then  secured  by  evapo- 
ration or  used  in  the  manufacture  of  soda,  soda  ash,  and  bleaching 
powder.  The  most  promising  horizon  for  securing  a  supply  of  fresh 
water  is  the  Sylvania  sandstone,  a  porous  bed  of  pure  sand  rock  hold- 
ing an  abundance  of  water.  Although  fresh,  it  is  liable  to  contain  sul- 
phur and  iron,  carried  up  from  the  dolomites  of  the  underlying  Monroe 
group.  In  the  northern  part  of  Monroe  County  and  the  southern  part 
of  Brownstown  Township  this  bed  lies  immediately  beneath  the  day 
and  furnishes  an  abundance  of  good  water.  In  the  6  miles  to  Trenton 
it  drops  to  280  feet  below  the  surface,  or  at  the  rate  of  about  40  feet  to 
the  mile.  Toward  Wyandotte  the  bed  thickens,  with  practically  no 
dip,  and  in  the  Eureka  well  it  was  reached  at  230  feet,  while  in  a  well  of 
the  Michigan  Rock  Salt  Company  at  Ecorse  it  was  reached  at  220  feet. 
Beyond  Ecorse  it  drops  rather  rapidly  again,  having  an  average  thick- 
ness of  99  feet  in  ten  wells  of  the  Solvay  Company  at  Delray. 

*»  Expressed  by  analyst  in  hypothetical  combinations;  recomputed  to  ionic  form  at  United  States 
G<^loglcal  Survey. 
*Opcit.,p.  73. 
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78       WELL8    AND    WATER   SUPPLIES    IN    SOUTHERN    MICHIGAN. 
WATER  SUPPLIES  OF  LENAWEE  COUNTY. 
By  Frank  Leverett. 

GENERAL.  STATEMENT. 

This  county  is  the  second  west  of  Lake  Erie  on  the  southern  border 
of  the  State.  Its  southeastern  part  is  a  plain  once  occupied  b\ 
Glacial-lake  waters,  while  its  northwestern  part  is  traversed  by  < 
series  of  moraines  trending  northeast  and  southwest.  Most  of  tb 
county  is  tributary  to  Raisin  River,  which  crosses  the  northwes 
corner  and  also  the  eastern  part.  The  southwestern  part  of  th 
county  is  tributary  to  Tiffin  River,  also  called  Bean  Creek.  Tli 
four  northwestern  townsliips  have  an  average  altitude  of  about  1,0C 
feet,  with  points  that  exceed  1,100  feet.  South  and  east  of  the 
townships  there  is  a  gradual  descent  through  the  morainic  tracts 
about  800  feet  at  the  edge  of  the  old  lake  plain,  which,  in  tur 
drops  to  less  than  700  feet  at  the  edge  of  the  county. 

It  is  a  topography  well  calculated  to  give  artesian  conditioi 
The  drift  beds  dip  eastward  with  the  slope  of  the  surface,  and  wat 
which  is  absorbed  in  the  elevated  northwestern  section  is  und 
strong  hydrostatic  pressure  as  it  passes  into  the  low  southeast^ 
part.  The  flowing  wells  are  found  on  the  lake  plain  and  also 
sags  and  narrow  plains  between  morainic  ridges.  In  places  on  tl 
lake  plain,  either  through  the  absence  of  a  water  bed  or  throuj 
the  fineness  of  its  material  no  flows  are  obtained,  thus  breaking  i 
the  flowing-well  territory  and  forming  several  somewhat  indepe 
dent  areas.  Further  exploration,  however,  may  so  extend  the 
areas  as  to  run  them  together,  leaving  only  comparatively  sniJ 
island-like  tracts  where  the  beds  do  not  contain  a  good  supply 
water. 

Wells  have  been  sunk  to  rock  at  Cement  City,  in  the  northwe 
corner  of  the  county,  where  a  good  sui)i)ly  of  water  is  found  in  san< 
stone  at  depths  of  65  to  70  feet.  There  are  also  numerous  wells 
the  eastern  end  of  the  county  that  have  reached  rock,  which 
found  at  depths  of  80  to  150  feet.  In  the  district  south  of  Blissfie 
tlie  wells  are  often  carried  through  shale  to  limestone  at  about  2( 
feet,  but  from  Blissfield  north  the  wells  generally  obtain  a  supp 
near  tlie  top  of  the  rock  if  none  has  been  found  in  the  drift.  Wei 
in  the  vicinity  of  Clinton,  Tecumseh,  and  Adrian  that  have  hei 
drilled  to  rock  lind  a  salt  water,  unsuitable  for  drinking.  In  mu( 
of  the  central  and  western  parts  of  the  county  there  are  no  borinj 
deej)  enouo:h  to  strike  rock. 

The  writer's  studies  of  water  supplies  were  made  chiefly  in  181 
in  connection  with  the  mapping  of  moraines,  shore  lines,  and  otb 
features  of  surface  geologj',  and  only  brief  notes  were  taken  as  1 
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le  extent  of  flowing- well  districts,  depth  and  strength  of  flowing 

ells,  and  such  other  data  as  chanced  to  be  readily  available.     This 

esulted  in  a  general  acquaintance  with  each  of  the  tracts  in  which 

lowing  wells  are    obtained,  but   hardly  formed  sufficient   basis  for 

k  report.     Mr.  Jon  A.  Udden  made  a  special  investigation  of  each 

lo wing-well  district  in  1904,  and  prepared  the  tabulated  data  given 

)elow.     The  public  supply  of  Hudson  was  also  examined  by  Mr. 

Udden,  but  those  of  Adrian  and  Tecumseh  were  examined  by  the 

«rriter. 

WATERWORKS. 

ADRIAN. 

The  Adrian  water  supply  is  in  the  hands  of  a  private  company. 
At  one  time  wells  were  in  use,  but  the  entire  supply  is  now  pumped 
from  South  Fork  of  Raisin  River,  which  flows  through  the  city.  In 
the  dry  seasons  the  streanr  carries  about  6,000,000  gallons  a  day, 
and  the  waterworks  at  times  use  one- third  of  the  flow.  Some 
dissatisfaction  is  manifested  by  the  residents,  because  of  the  quality 
and  of  the  limited  quantity  of  the  low  water  of  the  stream.  The 
supply  from  wells  also  proved  inadequate  and  tests  made  by  the 
water  company  have  not  yet  resulted  in  the  discovery  of  an  adequate 
supply  from  wells.  One  well  sunk  to  a  depth  of  1,980  feet  gets  a 
salt  water,  with  some  gas  at  about  500  feet. 

The  following  analysis  was  made  by  Dr.  A.  B.  Prescott,  at  the 
University  of  Michigan : 

Analyaift  of  nxiirr  at  oOOfeet  in  (hep  vjM  at  Adrian  uxUenvorkaA 

Parts  per  Parts  per 

million.  million. 

^lagnesium  (Mg) 67.  29  '  Potassium  salts Traw. 

^alriuin  (Ca) 249. 51      Phosphates Trace. 

'^Iilorine  (CI) 7, 095. 02  .  Sulphates Trace. 

Bi(arl)onat4'  ratiicle  (IICO3) 483.  98  '  Silica 10. 14 

Vluminiim 7.  19                                                             

Uhium True.                 Total  solids 7,923.13 

n^fSgas,  IGO  c.  c.  per  liter.     Reaction  alkaline.     Si)ecific  gravity  1.009.3. 

The  drift,  which  is  mainly  sand,  is  IcSO  feet  thick  and  contains 
fresh  water.  Another  w^ell  was  dut^,  24  f(»et  square  and  9  feet  deep, 
and  then  bored  with  a  12-inch  anger  to  78  feet.  This  well  barely 
flows,  though  at  a  level  only  3  or  4  feet  above  the  stream  and  nearly 
10  feet  below  the  waterworks  station.  AMien  first  made  it  yielded 
W  pumping  750,000  gallons  a  day,  but  got  so  clogged  with  sand  as 
to  greatly  diminish  the  yield,  and  is  now  abandoned.  The  temper- 
ature of  the  w^ater  as  it  flows  from  the  pipe  is  51.75°  F.  The  water 
from  tliis  well  is  hard  and  clialybeate. 


' Expressed  by  analyst  in  gmins  per  pjillon  unci  liypothcticul  combinations;  recomputed  to  part* 
per  million  and  ionic  form  at  United  States  GeoJogicai  Survey. 
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STATE    INDUSTRIAL   HOME    FOR   QIRLS. 

The  State  Industrial  Home  for  Girls,  located  in  the  north  put 
of  Adrian,  has  an  independent  supply  for  drinking,  cooking,  and 
bathing,  obtained  from  three  wells  on  the  grounds.  The  Adriin 
Water  Company  furnishes  the  supply  for  closets,  lawn  sprinkling, 
and  fire  protection.  About  350  inmates  and  50  officers  and  other 
employees  are  su[>plied  from  the  wells. " 

HITDSON. 

The  village  of  Hudson  has  nmnicipal  waterworks,  built  in  1890, 
and  supplied  from  a  grouj)  of  tubular  6-inch  wells  70  to  80  feet  deep, 
in  Bean  Creek  valley.  The  water  rises  in  these  to  within  20  feet 
of  the  surface.  The  supply  is  5()(),()00  gallons  a  day  and  is  highly 
esteemed  by  the  residents.  The  jMimps  have  a  capacity  of  2,000,000 
gallons,  but  the  consumption  is  less  than  one-half  million  a  day. 
The  ordinary  pressure  is  45  to  50  pounds  and  the  fire  pressure  80  to 
90  pounds. 

TECUMSEH. 

Tecumsch,  which  is  located  on  a  gravel  plain  traversed  by  Raisin 
River,  obtains  its  supply  from  a  large  excavated  well  about  35  feet 
deep,  sunk  into  the  gravel.  The  water  is  pumped  to  a  standpipe 
120  feet  high.  The  village  first  constructed  waten^^orks  in  1877  and 
rebuilt  in  1892.  The  well  from  which  water  is  drawn  is  in  the 
thickly  inhabited  southern  part  of  the  village,  near  the  bluff  of  the 
river.  It  seems  to  be  favorably  situated  to  receive  contamination 
from  the  cesspools  around  it,  and  should  be  abandoned  as  soon  as 
a  supply  can  be  secured  from  a  better  source.  The  prospect  for 
obtaining  an  adeciuate  and  safe  supply  just  above  the  village  seems 
good,  for  the  gravel  there  is  saturated  with  water  as  fully  as  inside 
the  village  limits. 

3iisci:llankous  vii.lac;e  suppmes. 

So  far  as  known,  no  other  towns  of  tlie  county  have  yet  developed 
public  supplies.  The  village  of  Morenci  is,  however,  contemplating 
a  supply  from  fiowing  wells.  Weston  has  fire  protection  for  business 
houses  in  a  tank  which  is  kept  in  order  by  tlie  business  men.  This  is 
filled  by  n  windmill  from  a  public  well  and  connected  with  a  hydrant 
and  hose  attachment.  Clinton  also  has  fire  protection  in  the  busi- 
ness portion  of  the  village,  there  being  a  distribution  system  pai^l 
for  by  abutting  property  owners,  into  which  water  is  pumped  by  th^ 
Woolen  Mill  Company  free  of  charge.  Raisin  River  being  the  source 
of  supply. 

o  Duta  supplied  by  Mrs.  Mury  Sickcls,  siii)oriiitendcut  of  the  home. 


LENAWEE    COUNTY.  81 

At  Clayton  the  common  depth  of  wells  is  30  feet,  but  the  wells 
nge  from  20  to  70  feet.  The  water  is  from  gravel  veins  in  till.  At 
3ment  City,  or  Woodstock,  wells  are  generally  drilled  65  to  70  feet 
id  obtain  water  in  sandstone.  In  places  the  drift  is  only  10  feet 
lick.  At  Addison  wells  are  commonly  dug  about  30  feet  and  obtain 
n  ample  supply  of  water  in  gravel  or  sand  under  till.  At  Ousted  the 
lUg  wells  are  20  to  25  feet  deep,  and  the  tubular  80  to  160  feet. 
Nfiier  is  abundant,  especially  in  the  tubular  wells.  At  Clinton  wells 
ire  about  30  feet  deep,  some  being  dug  and  others  driven.  The  water 
is  found  at  about  the  level  of  Raisin  River.  The  wells  are  through 
jravel  and  sand  from  top  to  bottom  in  the  western  part  of  the  village, 
being  in  a  line  of  glacial  drainage.  The  eastern  part  of  the  village  is 
on  the  slope  of  a  moraine,  and  wells  there  are  through  till  and  in  some 
cases  have  been  driven  to  considerable  depths.  At  Britton  wells  are 
usually  20  to  30  feet  deep,  and  in  some  cases  50  feet  or  more.  A  few 
on  the  lowest  ground  flow,  and  in  the  rest  water  rises  nearly  to  the 
surface. 

At  Ridgeway  the  wells  are  usually  shallow,  water  being  obtained 
at  the  base  of  the  beach  gravel  at  about  15  to  20  feet.  A  few  tubular 
wells  have  been  driven  to  considerable  depth  to  test  for  flowing  wells. 
The  fine  sand  encountered  is  difficult  to  screen,  and  thus  far  wells 
have  not  yielded  a  flow.  Flowing  wells  are  obtained,  however,  within 
&  short  distance  from  the  village  along  the  same  lake  beach  as  that  at 
the  village.  At  HoUoway  and  Raisin  Center  essentially  the  same  con- 
ditions prevail  as  at  Ridgeway.  The  water  level  in  the  tubular  wells 
seems  to  be  slightly  lower  than  the  beach  on  which  the  villages  stand, 
so  that  flows  are  not  obtained. 

At  Blissfield  wells  are  often  drilled  to  the  bottom  of  the  drift,  100 
feet  or  so,  there  being  a  compact  clay  from  top  to  bottom.  The  water 
found  at  the  base  of  the  drift  and  that  in  the  upper  part  of  tlie  rock 
has  enough  salt  to  be  noticeable  in  the  tests,  but  not  enough  to  make 
the  water  objectionable  for  drinking.  The  head  in  these  deep  wells 
is  nearly  level  with  the  surface,  and  one  well  (that  of  W.  E.  Gelson) 
flows  with  a  head  of  2  feet  above  the  surface.  It  is  80  feet  in  depth 
and  is  situated  on  the  north  side  of  Raisin  River,  at  an  altitude  of  683 
feet  above  tide. 

At  Deerfield  wells  are  about  40  feet  deep,  or  to  the  level  of  Raisin 
River.  A  few  wells  in  the  vicinity  of  the  village  have  been  driven 
to  the  base  of  the  drift,  about  85  feet,  and  have  a  head  near  the 
surface. 

At  Fairfield  and  Jasper  wells  are  usually  obtained  at  20  to  30  feet 
and  the  head  is  only  a  few  feet  below  the  surface.  The  gravel-beach 
ridges  in  places  yield  water  at  the  base,  but  usually  wells  are  drilled 
a  short  distance  into  the  till.     According  to  information  obtained  by 
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Mr.  Udden,  a  well  which  was  put  down  at  Jasper  by  Ed.  Service  to 

a  depth  «>f  158  feet  passed  through  clay  108  feet,  dry  gravel  14  feet, 

brown  clay  with  small  shells  23  feet,  gravel  3  feet:     The  water  in  it 

rises  to  within  6  feet  of  the  surface  and  is  salty.     At  Weston  the  wells 

are  about  20  feet  deep  and  obtain  water  in  gravel  under  clay. 

Other  villages  in  the  southern  part  of  the  county  depend  largely 

upon  shallow  dug  wells,  except  Morenci,  which,  as  indicated  below, 

has  a  large  number  of  tubular  flowing  wells.     The  entire  district 

seems  to  have  large  quantities  of  water  at  only  50  to  100  feet  depth, 

or  within  easy  reach  of  tubular  wells,  and  these  should  be  substituted 

for  dug  wells. 

FIX>W1N<J  WELLS. 

YORK   DISTRICT. 

The  York  flowing- well  district  comprises  about  14  square  miles  in 
northeastern  licnawee,  northwestern  Monroe,  and  southern  Wash- 
tenaw counties  (see  fig.  4,  p.  -  -),  and  includes  the  village  of  York,  in 
Washtenaw  C'ounty,  whence  its  name  is  derived.  The  wells  within 
the  village  appear  in  fig.  5.     The  extent  and  general  conditions  were 

examined  by  the  writer 
in  1903,  but  a  more 
detailed  study  was 
made  in  1904  by  Mr. 
Udden,  who  tabulated 
the  data  presented 
below.  Samples  of 
water  near  Milan  were 
examined  by  Mr.  I^ewis 
sufficiently  to  dete^ 
mine  that  what  is 
termed  soft  water  is 
only  relatively  so,  most 
of  the  water  being  very 
hard ;  it  is  in  this  sense 
that  the  terms  should 
be  understood. 

This  district  lies 
along  the  Belmore 
beach,  wliicli  lias  a  uniform  altitude  of  about  738  feet  along  its 
crest.  Takiii<r  tliis  as  a  datum,  Mr.  Tddon  worked  out  with  some 
precision  the  licij^ht  to  which  water  rises,  thoutrh  lie  did  not  thoroughly 
brinjj:  out  tlie  fad  that  in  not  a  few  w(»lls  it  will  rise  several  feet 
higher  than  its  present  point  of  escape.  It  will  rise  to  720  to  725 
feet  on  the  southeastern  e(l<i:e  of  the  district  and  to  755  to  760  feet 
on  the  northwestern — a  difference  of  30  feet  or  more  in  the  3  mile» 
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"OSS  the  district,  a  loss  of  head  of  at  least  10  feet  a  mile  in  a 
itheastward  direction,  corresponding  closely  with  the'tnost  rapid 
pe  of  the  surface.  In  this  connection  it  is  of  infcei^st'to  note  that 
J  Mclntyre  well,  in  Macon  Township,  Lenawee -dounty,  which  ii- 
;  oldest  well  in  the  field  (made  in  1834),  is  still  flowing  at  an  altitude 
758  feet,  or  about  as  high  as  any  well  in  the  district.  This  seems 
indicate  that  there  has  been  little  if  any  lowering  of  head  through 
i  development  of  the  field.  There  have  been  only  a  few  instances 
the  cessation  of  a  flow,  and  in  nearly  all,  if  not  in  all,  of  these  • 
les  the  cessation  seems  due  to  clogging. 

The  catchment  area  is  probably  found  in  the  morainic  tract  to  the 
rthwest,  with  perhaps  some  additions  from  the  lake  plain  between 
5  moraine  and  the  wells.  As  a  rule  the  lake  plain  is  underlain  by 
lay  so  compact  that  it  will  absorb  but  little  water,  but  the  moraine 
5  a  looser-textured  drift  that  should  absorb  a  large  amount. 
The  wells  usually  pass  through  considerable  blue  clay  before  reach- 
;  the  water  bed  that  yields  a  flow.  The  water  beds  appear  to  be 
ter  developed  near  the  bottom  of  the  drift,  yet  some  very  strong 
lis  have  been  obtained  in  its  upper  part.  The  water  seems  to  rise 
>ut  the  same  in  wells  that  are  near  together  whether  the  water  is 
the  upper  or  the  lower  part  of  the  drift  or  in  the  rock,  there  being 
ich  less  difference' on  account  of  stratigraphic  position  than  on 
'ount  of  geographic  position.  This  fact  seems  to  indicate  that  the 
iei^round  waters  at  the  various  levels  have  connection  with  or 
irce  in  the  same  catchment  area.  Possibly  beds  at  various  levels 
ve  connecting  porous  beds,  for  in  the  drift  deposits  the  porous  or 
ter-bearing  beds  have  very  irregular  distribution. 
A.  few  wells  have  been  carried  a  short  distance  into  rock,  but  the 
ality  of  water  and  the  head  are  so  similar  in  such  wells  to  those  in 
ighboring  wells  supplied  from  the  drift  that  the  water  seems  likely 
be  contributed  by  the  drift  deposits.  The  rock  surface  is  some- 
fiat  uneven,  being  in  places  within  this  district  as  low  as  550  feet 
id  in  other  places  over  600  feet  above  tide.  The  wells  obtaining 
supply  from  the  rock  usually  reach  it  where  its  altitude  is  highest, 
•r  the  depressions  in  the  rock  surface  seem  generally  to  have  been 
lied  with  sand  or  gravel. 

The  temperature  of  wells  that  have  a  rapid  flow  and  but  little 
xposure  of  pipe  is  51.5°  to  52°  F.,  and  those  with  higher  tenipera- 
ures  seem  to  have  acquired  them  through  surface  conditions,  for 
he  temperatures  were  taken  in  hot  weather.  In  cold  weather  the 
'xposed  pipes  in  weak  wells  are  lial)le  to  be  cooled  sufficiently  to 
?ve  the  water  a  temperature  below  that  reached  hy  stronger  flows 
'>r  those  with  little  exposure  of  pipe. 

In  but  few  cases  has  the  addition  of  new  wells  caused  a  decrease 
inflow  of  those  in  operation.     By  distributing  wells  properly  a  much 
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lar^^tT  iiuihIhm'  could  ho  inadi'  without  taxing  tlie  limits  of  the 
It  so  lia|)[>«'Ms  that  iu  York  vilhi*;o  and  in  some  cast\s  on  the  fann] 
lU'w  wells  arc  iuM'dcd  within  short  distances  of  tliose  in  ojH»nititnL 
It  will  he  advisahlc  in  such  places  to  reduce  eacli  well  to  a  distharp 
that  sini|)ly  meets  the  neetls  «>f  the  owner.  To  restrict  strong  flows, 
i»v(Mi  If  remote  from  other  wells,  should  be  the  practice,  for  the  (& 
tance  to  which  a  (low  will  draw  down  a  supply  may  he  jjreat  under 
certain  conditions,  and  the  owner  himself  will  have  less  waste  watff 
for  which  to  provide  drains. 

There  is  a  small  ^roup  of  ilowinj;  wells  in  sec.  17,  York  Township, 
in  the  \jill(\\  of  an  eastern  irihutarv  of  Saline  River,  which  are  souf- 
wlijit  tli^tinct  from  tlu'  main  district.  However,  it  is  prohahle  tint 
llow-^  could  he  i>htained  IxMween  these  wells  and  the  main  dLsirict 
h\  iollowini:  the  valh\v  throu«:h  sees.  IS  and  10,  though  the  iiplandi 
l)onl<M'ini:  the  vallev  in  these  se<'tions  are  too  high  to  furnish  flon 
ThcM'  wells  ar<'  inchnled  in  tlu»  tahidated  data  given  behnv. 

Will's-  .1,  ]',,ih  riiiriii,/-i''<.'f  tr-<*ri,f  in  Lnuitiut,  Monnu  ,and  WashUmnw  coHi\t\f9. 
\IA««>N   TnWN^mi'.    l.KNAWKK  CorXTV. 
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"  'I'll.-  l^-wi-i  wrii  iK'!i.'ir;iti-'l  miipI  12  fi-jM.  l.inoiliiv  .V,  f,-r-i .  irr:i\«l  ijnfcft.  MiidontPPfd  limertow  H^^" 
'    Tiip  Mcliityn-  \m11  i.-  [.roi.jii.ly  tin-  oMist  ll..\\iiii:  \vi.,l  in  ^..ut lii-astcrn  MichiKan. 
■    TIh-  Harnion  will--  nn-  (i\i-  in  iiumlH-r.  .ill  .<li}ill<>\v.  Imt  vjiryin^  in  rain  fnuii  1  quart  to  2  giilo'* 
iiiinul''.     <  »iii'  li.nl  ;iii  ori^'iiial  wah-r  i-liVa1HMi  (,f  74.'.  Uh*\  . 

■'  I'll'  II'Mirv  \^l•ll  lia-l  an  Mrik'iTDil  wjif.-r  «'i«'v:itiiin  «if  741  Uh-\:  it  «Mitf'r.'>l  li  ninst  one  about  1  foot. 
'  Tin-  ..itKnillion^'  well  lia<l  a'l  '.rimnal  \vaTiTolrvati«ui  of  741  f.t'1 :  it  «'nt»»n'd  liinontone  1  foot.       ^^ 
I  Till'  <;ihsori  w.ll  ItaM  an  ori^rinal  water  elevation  <»f  71ti  froi :   it  iM^ni'lrnlrd  clay  30  feet,  gravel" 
I'ct.  ariil  '|Uiik-iin<l  .'m»  feel.  , 

'J  rill.'  lli)aglari«l  well  stnick  limostoiic  ul  bottoTii;  il  iK"m-trat«'d  blur  day  120  foct  and  gravel  2»**^  " 
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fc  York  Jlowinff-ufeU  district  in  Lenawee ,  Monroe,  and  Washtenaw  counties — Continued. 
MACON  TOWNSHIP,  LENAWEE  COUNTY— Continued. 
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MILAN  TOWNSHIP.  NORTHWESTERN  MONROE  COUNTY. 
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SALINE  TOWNSHIP,  WASHTENAW  COUNTY. 
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YORK  TOWNSHIP,  WASHTENAW  COUNTY 
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Feldman  well  had  an  original  wat^r  elevation  of  743  feet;  it  carries  a  little  oil  from  the  iinie- 
t  penetrated  bhie  clay  25  feet,  sand  and  gruvel  <r2  feet,  Imrdpan  1  foot,  sand  4  feet,  and  limestone 

Tom  Boyd  well  penetrated  blue  clay  15  feet,  and  was  then  in  sand  to  bottom.  The  water  is 
»wer  part  of  the  sand. 

Sanford  well,  on  farm  owned  by  John  Campl)cll,  enters  rock  55  feet  and  is  cased  to  the  roi'k. 
Vescelius  well  is  thought  to  have  struck  PK-k  at  bottom. 

McKenny  well  penetrated  clay  loam  21  feet,  sand  4  feet,  blue  clay  hC  feet,  sand  and  gravel  4  feet. 
Harris  well  struck  a  weak  water  vein  at  UK  feet  with  head  of  1  foot,  nnd  a  strong  flow  at  138 
[ravel  with  a  head  of  20  feet. 

Old"*  well  penetrated  clay  \0(\  fe«t  and  sand  20  feet. 
1 15  feet,  blue  clay  35  feet,  gravel  2  feet,  water  has  slight  sulphur  taste, 
well  overflowed  and  was  filled,  and  the  2-inch  well  sunk  near  it. 

I  20  feet,  blue  clay  129  feet,  hardpan  crust  with  sand  and  gravel  beneath,  yielding  water, 
r  1  gallon  a  minute;  gravel  4  feet,  blue  clay  129  feet,  quicksand  35  feet,  shale  rock  2  feet. 
weUs  of  Alchin  and  Lawrence  interfere  with  each  other.    The  Alchin  well  penetrated  sand 
clay  109  feet,  and  apparently  stnick  rock  at  bottom. 
cksand  90  feet,  blue  clay  26  feet,  hardpan  and  gravel  2  feet.    At  90  feet  a  small  flow  of  gas  was 

ich  gravel  12  feet,  blue  clay  136  feet,  quicksand  5  feet.    Temperature   51°    when   made;  consid- 

iron. 
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86       WELLS    AND    WATER    SUPPLIES    IN    SOUTHERN   MICHIGAN. 

WeUs  in  York  fowiiig-wdl  district  in  Ijenawee^  Monroe, and  Washtenaw  counties — Continuei 
YORK  TOWNSIIir,  WASHTENAW  rOUNTY-Tontinued. 
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a  Flow  gTeat<*r  in  wet  seasons.    The  temjieratiirD  is  hif?h  on  atvount  of  gn*at  exposun*  and  small  flow. 

b  Flowed  3  gallons  a  minute  when  made. 

charge  amount  of  inflammable  gus,  probably  from  the  underlying  I  Wonlan  shales.  It  penetrated 
sand  3  feet,  blue  clay  121  feet,  and  struck  watt^r  and  gas  in  grave'l. 

d  Limestone  at  boitom;  flow  may  l>e  from  a  tliin  IkhI  (»f  gravel  ttbt»\e  the  nn^k.  The  well  {lenetrated 
gravel  5  feet,  blue  clav  120  feet,  gravel  2  ft'et.  limestone  2  ft^'t. 

«^  When  first  ojx'nod  flowed  a  full  2-inch  stream,  but  is  apparently  cloggetl  with  sand. 

/  Soft  enough  to  lx>  used  in  lioilers  at  factory. 

0  Blue  clay  1(W)  foet.  hurdnan  and  black  gravel  2  fwt.  limestone  6  inches. 

A  San«l  and  pravel  4  fwt.  hhie  clav  110  fwt.  hardpan  I  foot,  sand  1  foot,  limestone  3 feet. 

«  Well  when  o[)ene<l  lowered  head  of  other  wells  near  It.  and  is  now  closed. 

;  Sand  au'l  gravel  20  feet,  bhie  clay  KM)  fj-et.  hardpan  and  gravel  2  feet,  limestone  3  feet. 

*  Sandy  lt)am  S  ftvt,  bhie  clay  75  fj'et,  quicksand  8.")  feet,  and  gravel  10  feet. 

A  strong  ilowing  well  was  obtained  many  years  ago  in  the  Saline 
River  A'alley,  in  sec.  1,  Saline  Township,  Washtenaw  County,  at  a 
depth  of  150  feet,  when  inakintr  a  test  l)orintr  for  salt,  but  it  is  now 
plu<j:<i:ed.  This  well  sug*j:ests  the  [)()ssil)ility  of  extending  the  York 
district  up  the  Saline  Valley  to  Saline. 

It  is  probable  also  that  flows  could  be  obtained  along  the  Saline 
bottoms  from  York  down  to  Milan,  thus  connecting]:  the  York  district 
with  the  Milan-Cone  di.^jtrict.  Another  line  of  connection  with  that 
district  may  be  found  alonjx  the*  valley  of  Xortli  Macon  Creek.  Out- 
side of  the  valleys  there  seems  no  chance  of  obtaining  flows  in  the 
tract  lying  between  these  two  ilowing-well  districts,  the  water  he«d 
in  wells  that  have  })een  iiiade  being  a  few  feet  l)eIow  the  surface. 
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.     HOLLOW  AY   DISTRICT. 

This  district  lies  along  the  southeastern  border  of  the  Belmore 
gacii,  in  the  eastern  part  of  Lenawee  County.     It  is  about  10  miles 

length  and  from  2  to  4  miles  in  breadth,  thus  embracing  an  area 
:  about  30  square  miles  Ijring  between  Britton  and  Lenawee  Junction, 
ith  HoUoway  near  the  middle  of  its  western  border.     The  flowing 

cUs  occur  in  Ridgeway,  Raisin,  Blissfield,  and  Palmyra  townships. 

lows  have  not  been  obtained  everywhere  >\4thin  this  area.     In 
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Fig.  6.— Map  of  Holloway  flowing-well  district,  I><'nHW«v  Coiinty. 

^^xne  cases  the  texture  of  the  water-bearing  beds  is  too  line  to  permit 
^  ^c)pioiis  discharge,  while  in  others  the  head  secMiis  to  be  a  little  too 
^Mr  to  gi^'^  a  flow.  This  district  is  practically  a  continuation  of  the 
^ork  district,  which  extends  from  Washtenaw  into  northeastern 
r-^nawee  County,  there  being  only  a  narrow  interval  near  Ridgeway 
^  which  flows  have  not  been  obtained,  and  even  there  the  failure 
^^nis  to  be  largely  due  to  the  fine  texture  of  the  water  bed.  Further 
^^^iUing  may  develop  wells  with  good  flow  in  this  intervening  teinloty 
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The  data  on  wells  in  this  district  were  collected  chiefly  by  Joni 
Udden  in  1904.  The  data  on  wells  at  Britton,  however,  had  bM 
previously  collected  by  the  present  writer.  No  estimates  of  rate  ( 
flow  nor  observations  of  teinp>eratures  were  made  at  Britton.  Ill 
temperatures  reported  in  the  table  are,  in  many  cases,  higher  tk 
the  normal  temperature  of  water  from  wells  of  these  depths  in  tU 
latitude,  but  arc  probably  due  to  exposure  of  the  pipes  through  tli 
summer  heat.  The  normal  temi>erature  is  about  52**  F.  The  tH 
tudes  are  estimates  made  from  comparison  with  altitudes  of  the  ol 
shore  lines  which  traverse  this  district,  except  at  Britton,  lAm 
they  are  determined  by  comparison  with  the  railway  crossing,  whk 
is  701  feet,  by  levels  run  in  making  the  Ann  Arbor  topographic  shefl 
The  Britton  wells  are  so  much  shallower  than  most  of  the  other  w 
in  this  district  that  they  should  perhaps  be  considered  a  sepaiii 
supply.  In  the  village  the  wells  are  not  deep  enough  to  test  coni 
tions  for  a  flow  from  depths  corresponding  to  the  average  for  tb 
district,  but  on  fanns  in  the  vicinity  wells  carried  to  the  rock  ii 
found  to  have  heads  similar  to  those  obtained  at  a  shallow  depth. 

Below  are  given  two  partial  analyses  for  the  purpose  of  compaiq 
the  composition  of  the  drift  and  rock  waters  at  Britton.     There  hi 
boon  much  typhoid  in  the  toA^ii,  and  the  shallow  drift  waters  shouH 
be  looked  upon  with  suspicion.     The  analyses  were  furnished  bf 
M.  O.  Leighton,  of  the  Ignited  States  Geological  Survey. 

Partial  aruiiysfs  ofrork  ami  drift  wattrn  at  BriUon, 
(Parts  p<T  inlUlon.] 


Color 

I  ron  ( Fc) 

Chlorine  (11) 

Carbon  <lioxiii<'  (i'ih's 

Sulphur  trioxiih'  (Sf).,) 

HHrdncsH  (a**  CiiCo,)  

S.  .1.  I^nvls.  ;in;ilyst.     1.  IIiii){lit  frock),  fh'pt.li,  1412f<'ot.    '2.  VHiidevivr  (drift);  depth, 32 fmt. 

Tlio  Kltitudo  to  which  water  will  rise  decreases  rapidly  in  pas^ 
southeastward  across  this  district,  being  about  740  feet  in  the  vicinitj 
of  (he  Belniore  l)each  and  less  tlian  700  feet  3  miles  southeast. 

Th(»  catclunent  area  may  be  anywhere  in  the  regicm  northwest  o' 
th(\se  wells  where  water  is  readilv  absorbed. 


1    1. 

I 

1 

'          19         1 

tt 

1    Decided    1 

Dcddrf 

trace.      | 
1            16  5    1 

tiMe. 

14 

i           06.83 

A« 

1      » 

1         lig.7 

1« 

1                     1 
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As  suggested  above,  the  area  is  likely  to  be  extended  somewhat 
y  sinking  further  wells.  The  present  limits  are  outlined  from  the 
rw  tests  indicated  in  the  table  below : 

WeUs  of  HoUotixiy  Jhwing-uoeU  district. 


I  .' 


.f-« 


6  , 


t  17 
i     6 

r  ^  6  i  5 

)     6,5 

[)  !  6  I  5 

tzitton ' 

Do.. 


A 
B 
A 
A 

B 
C 
A 
B 
A 
B 
A 
A 
B 


Do. 
Do. 
Do. 


Do.... 
Do.... 

31    6  1  5  1 
31    6    5 
31   6    -) 
6    7  '  5  ' 


Owner. 


J.  Molntyreo 

James  Lane 

Munch 

W.Judson* 

A.  Hoxy 

J.  W.  Aah  c 

John  Raineyd 

D.  T.  Mitchell « 

W.  Miller 

W.  Damlow 

H.  P.  Woodard 

Henry  Palmer/ 

H.  PockUngton 

C.  PoclcUngton 

Thoa.  Florence  o . . 

H.Schwab  A 

New  schoolhouee . . . 

Kiflhbaugh  &  Brit- 
ton. 

John  Win«ley 

Ann  Exelby 

Dutch  Church  par- 
sonage. 

Old  scboolhouse 

Britton  Hotel.. 

W.  Rlddlei I    1898 

Mrs.  SUhler* 1894 

J.  Pangburn  l 

August  Minster  m 


"NotUta. 

*The  lilack  seam  cailfid  coal  is  struck  at  32  fi'el.  hut  plnciHi  deposits  iindorlM'  it;  high  temperature 
dufltoexjmsiire  of  pipe. 

f Water  comes  from  a  seam  in  blue  clay  at  97  feet:  rock  at  12'»  feet;  stream  too  weak  to  give  correct 
tmcerature  at  bottom. 

^  Water  sulphurous;  from  limestone  at  113  feet. 

' Flow  interrupted  apparently  by  gas  which  comes  up  with  tlie  wat^r.  Well  penetrated  blue  clay 
with  occasional  streaks  of  sand,  and  did  not  reach  rock. 

/When  opened  had  a  head  of  740  feet;  water  strong  in  inm. 

'Original  head  744  feet  and  flow  much  stronger  tlian  now;  shale  at  Imttoni. 

*Roclt  at  bottom. 

'Several  wells  in  Britton  arc  bored  anfl  walled  with  laree  tile.  Water  is  dipped  from  top  of  tile, 
which  in  some  ca.ses  is  carried  high  cnougli  to  pn»vent  overflow. 

H)oe8  not  flow  above  surface  at  present,  but. runs  into  a  reservoir  at  a  lower  level.  Clay.  60  feet; 
l4rp» jiandstone  (?)  bowlder,  6  feet;  quicksand.  40  feet;  limestone  at  bottom 

*UnM?8tone  at  bottom;  gas;  water  has  a  salty  taste. 

'When  first  opened  water  was  very  hard.  Jt  row;  (>  feet  above  surface;  well  now  clogRed  with  sand. 
Gravel,3feet;  blue  clay,  35  feet;  gravel,  12  feet;  quicksand,  2  f«vt :  hardpan,  s  inches:  ur.i vol  at  bottom. 

■  Water  low^ered  when  Pangburn  well  was  opened.  Water  has  a  sulphurous  taste  and  deposits  a  white 
■ttliment  in  pipe;  it  Is  slightly  salty,  but  not  hard. 

OGDEN    TOWNSHIP   (t.  S  S.,  \\.  4  E.). 


In  Ogden  Township,  which  is  in  tlio  soiithorn  tier,  flowincr  wells 
have  been  obtained  in  a  small  district  extendint]:  northward  from 
Ogden  Center.  About  20  wells  overflowed  when  first  n\ade,  but  in 
1904,  when  Mr.  Udden  canvassed  the  district,  only  seven  were  in 
use,  the  others  having  been  filled  with  material  from  above.  The 
wells  are  usually  bored  wdth  a  large  auger  and  cased  with  tile,  and 
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if  properly  cared  for  would  in  all  probability  have  contmuedl 
flow.     The  first  well  to  obtain  a  flow  was  that  of  F.  Pence, 


about  twenty-five  years  ap:o,  but  this  has  now  became  choked, 
flows  now  in  operation  are  in  sees.  9,  10,  16,  and  17. 

A.  S.  Burdsley  has  a  flowing  well  at  Ogden  Center  which 
charges  1  gallon  a  minute  and  lias  a  temperature  of  53**  F.  Ti 
water  is  slightly  saline  and  sulphurous.  It  was  used  for  a  timeini 
boiler  at  the  mill,  but  is  not  used  at  present.  It  had  a  head  of 
feet  when  made. 


R.4.E. 


Fldwiim  wrlls  in  <)ir'l«*n  T(»\vnship.  I^»nnwo«»  County. 


The  well  of  llenrv  Case,  in  tlie  west  part  of  sec.  10,  is  96  feet  de* 
and  was  made  in  1S.S4.  A  12-inch  tile  extends  to  45  feet  and 
7-inc'h  thence  to  the  bottom.  The  well  now  flo\vs  about  15  gallo 
a  miuTite,  or  a  quart  every  second.  It  flowed  12  quarts  in  ten  8< 
onds  wlien  made.  The  water  is  sulpluirous  and  chalybeate,  and  I 
a  temperature  of  52.5'^  F.  The  well  penetrated  10  feet  of  sand  a 
S3  feet  of  l)hie  day  to  tlie  water-bearing  sand  at  the  bottom. 
th(»  southwest  corner  of  sec.  10,  on  the  Brockway  farm,  is  a  ve 
weak  flow. 
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In  the  eastern  part  of  sec.  9,  on  the  Stauf  farm,  is  a  flow  amount- 
ing to  1  gallon  a  minute.     The  well  is  100  feet  deep  and  was  made  in 
1892.     It  has  a  6-inch  tile  to  about  45  feet  and  thence  a  3-inch 
wooden  penstock  to  bottom.     On  the  western  side  of  sec.   9,  N. 
Henderson  has  a  flowing  well  80  feet  deep,  with  slightly  saline  taste 
and  medium  hardness;  temperature,  53°  F.     W.  Emmons,  in  the 
Bouthwest  comer  of  sec.  10,  has  a  flowing  well  85  feet  deep,  with 
slightly  saUne  water;  temperature,  53°  F.     It  has  a  12-inch  wooden 
casing.     In  the  northwestern  part  of  sec.  16  is  the  well  of  William 
Comley,  80  feet  in  depth,  with  12-inch  wooden  casing  for  40  feet 
and  8-inch  casing  thence  to  bottom.     It  was  made  in  1882.     There 
is  a  slight  discharge  of  gas  with  the  water.     Several  wells  of  similar 
depth  near  these  flowing  wells  have  water  3  to  6  feet  below  the  sur- 
face.   On  the  plain  between  Ogden  Center  and  Jasper  water  rises 
nearly  to  the  surface  in  wells  90  to  200  feet  in  depth.     In  nearly  all 
cases  the  water  is  slightly  saline,  and  in  several  a  small  flow  of  gas 
has  been  noticed. 

SAND   GREEK. 

At  Sand  Creek  station,  just  east  of  the  depot,  is  a  well  103  feet 
I  deep,  which  barely  flows  at  the  altitude  of  the  station,  779  feet 
above  tide.  It  is  owned  by  F.  M.  Smith,  and  was  made  in  1889.  It 
discharges  about  3  quarts  a  minute  and  has  a  temperature  of  53°  F. 
The  well  now  has  a  half-inch  pipe  that  extends  6  feet  into  the  IJ-inch 
pipe.     It  is  stated  that  the  water  will  not  flow  from  the  larger  pipe. 

There  is  lower  ground  in  the  village  of  Sand  Creek  in  which  flows 
should  be  obtained,  but  as  yet  there  has  been  no  occasion  to  develop 
the  field,  shallow  wells  which  supply  the  needs  of  the  residents  being 
easily  obtained.  Some  families  resort  to  the  flowing  well  for  drink- 
ing water. 

It  is  probable  that  the  catchment  area  is  in  the  higher  land 
northwest  of  the  village. 

MORENCI. 

The  village  of  Morenci  is  situated  on  Tiflin  River  (also  called  Bean 
Creek)  near  the  State  line  of  Michigan  and  Ohio.  Data  on  the 
flowing  wells  of  this  village  were  collected  and  tabulated  by  Jon  A. 
I'dden.  It  will  be  observed  that  wells  have  been  in  operation  since 
1887  which  still  have  a  good  flow.  The  wells  are  all  2-inch,  but 
differ  widely  in  rate  of  flow,  ranging  from  32  gallons  a  minute  down 
to  a  mere  trickle.  The  strongest  flows  are  in  the  eastern  part  of  the 
village.  The  certainty  of  obtaining  a  flow  within  the  limits  of  this 
district  is  such  that  drillers  need  take  no  risk  and  can  afTord  to  make 
wells  at  a  lower  price  than  where  a  risk  is  involved.  This  explains 
the  low  cost  of  $15  to  $20  for  certain  wells  70  to  80  feet  in  depth, 
the  ordinary  charge  per  foot,  including  pipe,  in  a  2-inch  well  being 
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75  cents.  In  some  cases  a  driller  is  paid  about  $6  a  day  to  mifa 
the  well,  instead  of  receiving  pay  by  the  foot.  The  2-inch  caaii| 
used  costs  ordinarily  20  cents  a  foot.  The  wells  have  been  made  b] 
two  drillers,  F.  Paine  and  B.  Thomas. 

The  water  has  considerable  iron,  and  brown  alg®  are  developed  ii 
many  of  the  pools  or  troughs  into  which  it  discharges.  The  wata 
appears  to  be  of  medium  hardness  and  is  often  used  without  Hi 
addition  of  softening  compounds. 

The  wells  show  only  occasional  instances  of  interference,  and  tb 
field  admits  of  still  fuller  development  and  may  be  extended  soiu 
distance  farther  both  up  and  down  the  valley  of  Tifiin  River.  Inth 
central  part  of  the  village  the  altitude  is  3  to  4  feet  above  the  bei 
reached  by  the  wells.  Flows  are  obtained  on  each  side  on  hm 
groimd. 
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Fig.  8.— Plat  ol  Mon»nci,  Mich.,  showing  flowing  wplls. 

The  catclmieiit  area  is  probably  in  the  higher  land  to  the  nor 
west  of  Morenci. 

At  tho  time  of  ^Ir.  Uddcn's  ^^sit  to  Morenci,  in  July,  1904,  th 
was  a  strong  sentiment  in  favor  of  putting  in  waterworks,  and  it  ¥ 
proposed  to  drill  about  five  wells  to  supply  the  plant. 

The  following  partial  analyses  are  results  of  the  examination 
two  characteristic  waters  of  flowing  wells  near  Morenci.  The  we 
however,  do  not  appear  in  Mr.  Udden's  list,  and  therefore  tb 
analyses  can  not  be  compared  with  the  notes  collected  by  him.  T 
data  are  furnished  by  M.  O.  Leighton,  of  the  United  States  Greologi< 
Survey. 
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Partial  analyses  ofwaiersfrom  flowing  toeUs  near  Marenci. 
[Parts  per  million.] 


Coior 

Ixoii(Fe) 

Chorine  (CI) 

Gaibon  dioxide  (COx) . 
Suitor  trioxide  (SO|) 
Htfdiieas  (as  CaCOs) . . 


10 

19 

1.5 

2.5 

11.5 

4 

16.2 

121.8 

20 

.29? 

39+ 

139+ 

1.  Crabb  well;  depth,  104  feet.    2.  Young  weU;  depth.  75  feet. 

WeUs  at  Morenci. 


Lrtter 

on 
flg.8. 


Owner. 


A Town  of  Morenci . 

B do 

C do 

D A.  L.  8ebering*.. 

E R.  P.  Boodyc.... 

F Geo.  Webberrf.... 

G 8.  B.  Miner* 


J.  H.  Eldridge  / 

Louis  Phillipar 

do 

F.  Pained x. 

Mr8.nass* 

J.BaUey 

I  Mr.Carr<. 


8.  T.  Snow 

r I  Ed.  Wells 

Q L.Woolcott/ 

R '  W.S.Mason 

8 O.Onweller 

T Mrs.  AberUng*... 

\ Mr.  Morgan 

V F.  Kennedy 

^' T.  Warren'i 

X J.BaUey 

^ Mr.  DeMerrits... 

i KelloOTf  &  Buck.. 

B BumLeew 

i F.  Nocao« 

P S.  8.  Beattyo 

^ 8.  .\.  Schofleldp.. 

I  ;  W.  S.  Scott? 

^•- ;  C.  C.  Wakefield  r. 


When 
made. 


1880 


1880 
1003 


1004 
1805 

1891 

1888 
1889 
1887 
1890 

1891 

1904 
1880 


1900 
1889 
1888 
1888 
1890 
1888 
1900 
1902 
1891 
1804 

im] 

1892 
1805 


Cost. 


135 
30 
35 
23 

30 

30 
15 

18 

25 
25 
14 
33 

43 

19 


Depth. 


Feet. 
70 
75 
75 
76 

72 

74 
73 

70 

78 
78 
78 
72 

90 

70 
78 


150 

78 


Eleva- 
tion. 


Feet. 
755 
755 
735 
755 

755 

756  I 
757 

757  I 

757 
757 


Water 

rises 

to~« 


35 
35 
35 
35- 
35 
35 
35 
50 
14 
18 
35 
3G 


78 
78 
78 
78 
90 
90 
54 
(>4 
108 
70 
100 
125 
104 


Feet. 
758 
758 
736 
767 
767 
756 
756 
760 
760 
750 
760 
760 


760 

758 

757 
765 
755 

756 

758 

758 

758 

758 

755  , 

757 

755 

755 

755  i 

7.T<i 

755  I 
75<)  , 
755  ' 
755 
755  , 


Flow 
per 

min- 
ute. 


aaiu. 

4 
4 

1 
32 


Weak. 
1 


762 

770 

762 

761 

757 

757 

758 

758 

7;^| 

758i 

760  \ 

758 

7(iO 

758 

756 

758 

758 

758 

758 

757 

75S 


.75 


8 

I 

1 

1 

.75 
.75 

1 

1 

1 

2 

1 

1 

2 

2 
10 

I 
1 

1 


Tem- 

?era- 
ure. 


53 
52.8 
53 
52.5 

54 


53 

53 

53 
53 
53 
53 

53 

53 

53 

53 

53 

53 

53 

5;i 

53 

53 

52.5 

5:J 

5:i 

5ii 

5:\ 

5'i 
53 

5;i 


Quality. 


i 


I 


Medium. 

Do. 

Do. 
Soft. 

Do. 

Do. 
Medium. 

Soft. 

Medium. 
Do. 
Hard. 
Medium. 

Soft. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


HwhI  12  foot :  How  now  n»fiuo»»d 


J  Where  two  altitudes  are  given,  the  first  refers  to  the  original  hoad. 
.  *  Gravel  25  feet,  blue  clay  50  feet,  hardpan  4  inches,  sand  at  btntoni. 
'^  8  gallons  a  minute. 

j^.^Sand  and  gravel  20  feet,  blue  clay  51  f(H>t,  hardpan  1  foot,  sand  at  bottom.    Original  hoad  ll.H  f«H't. 
'  it^t  fountain  in  this  section. 

«*Thi8  is  the  east  limit  of  flows. 

•Iron  present;  algae  brown:  cloggod  by  sand. 
^    /Head  12  feet  when  oi)encd:  now  clogginj  by  sand.    Sand  and  gravel  fCt  fcn^t,  bluo  clay  4  fo<'t,  gravel  1 

oSand  and  gravel  22  feet  blue  clay  50  ftvt,  hardpan,  sanfl. 

*Carr'8  &  Sebering's  wells  have  lowered  the  head  of  the  I  lass  woll  about  lt>  inches. 
<Sand  9  feet,  blue  clay  61  feet,  hardpan  18  feet,  gravol  at  bottom. 

iSand  and  gravel  5  feet,  blue  clay  60  feet,  hardpan  with  p<'b])Ios  5  fot't.  lino  sand  To  fivt. 
*Sand  and  gravel  9  feet,  clay  60  feet,  hardpan  3  ft^'t,  gravol  at  bottom. 
t  Sebering's  well  has  lowered  head  slightly. 
•»  Used  for  boilers  and  brickmaking. 

»  Used  in  creamery  for  boiler,  and  also  in  manufactiin'  of  buttor  and  condensed  cn^am. 
•Sand  4  feet,  blue  clay  65  feet,  gravol  1  foot. 
TSand  and  gravel  15  feet,  blue  clay  85  foot,  gravol  1  foot. 
9  Sand  6  feet,  blue  clay  95  feet,  pebbly  hardpan  24  foot  gravol. 

'Sand  12  feet,  blue  clay  40  feet,  dark-brown  and  very  pebbly  hardpan  0  fwt,  dark-blue  clay  56  feet. 
W'eak  flow  at  60  feet;  a  good  flow  at  104  feet. 
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MEDINA. 

In  the  eastern  part  of  the  village  of  Medina,  in  the  valley  of  TiflSn 
River,  is  a  single  flowing  well  on  the  Seeley  property.  It  is  20  feet 
in  depth,  and  flows  one-half  gallon  a  niinute,  with  a  temperature  of 
53°  F.  The  water  is  of  medium  hardness.  The  well  has  been  in 
operation  since  1900.  Other  flowing  wells  may  be  obtained  along 
the  creek  bottom,  but  the  head  seems  to  be  insufficient  to  secure  a 
flow  on  the  bluff  or  bordering  uplands. 

ROLLIN    TOWNSHIP. 

East  of  the  village  of  llollin,  in  Kollin  Township,  Lenawee  County 
(T.  6  S.,  R.  1  E.),  is  a  small  flowing-well  district  in  a  sag  between 
morainic  ridges.     In  1904  there  were  a  few  wells  located  in  sees.  22, 

R.IE. 


Fir,.  «>.  -Map  of  scuithoni  purl  of  Kollin  Township,  Lcnawco  County,  showing  dlntribution  of  flo^*^ 

wolls. 

26,  27,  or  32.  They  are  so  widely  scattered  that  it  is  unc^rta-^' 
whether  th(»y  occupy  independent  ]>ools  or  form  a  single  pool.  Th 
data  were  collected  by  Mr.  IMden,  and  if  his  determinations  are  c<>^ 
rect  the  w(»lls  dis])lfty  a  difference  of  Go  feet  in  altitude,  the  shallowed 
being  on  the  liighest  ground.  The  wells  are  probably  supplied  fro^ 
an  elevated  catchment  area  to  the  west  and  north.  How  much  tb 
area  may  be  extended  is  difficult  to  forecast.  The  wells  are  strong^ 
chalybeate.  In  some  cases  they  appear  to  have  a  decidedly  strong!^ 
flow  just  before  a  storm.  The  deeper  wells  obtain  water  from  gra"^' 
under  a  heavy  bed  of  ])lue  clay.  The  Foster  well,  in  sec.  27,  whi^ 
is  only  27  feet  deep,  was  dug  20  feet  and  bricked  up,  and  then  la"* 
ered  7  feet  by  drilling  in  the  bottom. 
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WdUaiRoain. 


Letter 
on 
flg.9. 


A. 
A. 
B. 
A. 
A. 


Owner. 


H.  J.  Snyder. . 
J.  B.  FoBter.. 
D.  H.  Allen. . . 

M.Childfl 

F.  Seeleya 


When 
nmde. 


1900 
1880 


Di-  I 

amc-  Depth, 
tor. 


In. 

2 

36 

2 

2 


Feft. 
96 
27 


Eleva- 
tion. 


Water 
rises     Cost, 
to— 


Flow 

J[)rr 
niite. 


Tem- 
pera-; Quality, 
ture. 


90  i 


Feet. 
985 
1,050 
1,022 
1,020 


Feet. 
986 
1,052 
1.023 
1,021 


$100  I 


Galls.  !   "F. 


1  I  52.8  ,  Medium. 


80 


1     54 
1  ;  54 

1    .... 


Hard. 
Do. 
Do. 


a  No  data. 


HUDSON   TOWNSHIP. 


There  is  a  single  flowing  well  on  the  farm  of  Mr.  Buck,  IJ  miles 
east  of  Hudson,  in  the  western  part  of  sec.  16,  Hudson  Township 
(T.  7  S.,  R.  1  E.).  It  is  only  16  feet  in  depth  and  has  a  weak  flow 
from  a  IJ-inch  pipe.  The  water  is  from  sand  under  clay.  This  well 
is  on  the  western  slope  of  a  moraine  that  furnishes  the  probable 
catchment  area,  and  it  is  possible  that  other  flows  may  be  obtained 
near  by,  especially  if  made  in  depressions. 

TIPTON    DISTKICT. 

This  district  leads  both  northeast  and  southwest  from  the  village 
«f  Tipton,  in  northern  Lenawee  County,  and  at  the  southwest    may 

R.3  E. 


Fio.  10.— Flowing  wolls  iipar  Tipton.  Lenawee  County. 

find  continuation  in  the  scattered  flows  along  Wolf  Creek  A^alley. 
The  district  is  about  H  miles  wide  and  10  miles  long  if  the  Wolf 
Creek  wells  are  included.  The  Tipton  district  proper  lies  entirely  in 
Franklm  Township  (T.  5  S.,  R.  3  E.),  and  runs  from  sec.  13  south- 
west to  sec.  31.     West  of  it  is  a  small  isolated  group  of  flowing  walk 
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in  a  basin  near  the  line  of  sees.  19  and  30,  Franklin  Township,  whicli 
is  separated  from  the  main  district  by  a  till  ridge  too  high  to  permit 
flows.  There  are  also  numerous  knolls  within  the  district  on  which 
flows  can  scarcely  be  expected.  In  the  flowing-well  district  there  is 
a  perceptible  southeastward  descent,  the  altitude  of  wells  on  the 
northwest  border  being  20  to  30  feet  higher  than  that  of  those  or 
the  southeast.  The  altitude  of  the  water  declines  more  rapidh 
southeastward  than  this  somewhat  rapid  descent,  for  wells  east  o\ 
the  flowing  wells  lack  a  few  feet  of  rising  to  the  surface. 

In  the  village  of  Tipton  flowing  wells  can  be  obtained  only  in  sag 
a  few  feet  below  the  general  level,  while  wells  east  of  the  village,  oi 
ground  lower  than  these,  do  not  flow  even  when  driven  to  depths  o 
100  feet  or  more.  The  wells  usually  pass  through  a  clayey  till,  yel 
low  at  top  and  blue  from  a  depth  of  10  feet  onward.  The  water  i 
found  in  thin  beds  of  gravel  and  sand  in  the  till.  These  beds  appea 
to  occur  at  various  levels,  so  that  neighboring  wells  may  diflfer  marl 
edly  in  depth. 

The  water  is  hard  and  carries  so  much  iron  that  it  coats  vesse 
rapidly  and  soon  rusts  tinware.  In  some  wells  the  iron  is  percept 
ble  to  the  taste.  The  writer  listed  about  20  wells  in  this  distri( 
north  and  east  of  Tipton  in  1899,  some  of  which  are  not  included  i 
the  list  prepared  by  Mr.  Udden.  As  the  writer's  examination  w« 
incidental  to  other  investigations,  data  on  the  wells  are  meage 
Two  of  these  wells  are  on  a  tributary  of  Evans  Creek  along  the  line 
of  sees.  13  and  14,  and  are  about  2  miles  from  any  reported  b 
Udden.  Possibly  the  intervening  territory  is  too  elevated  to  pei 
mit  of  flows.  The  wells  referred  to  are  only  20  to  25  feet  deep- 
much  sliallower  than  the  average  depth  of  wells  in  this  districi 
There  are  two  shallow  flowing  wells,  not  noted  by  Udden,  near  th 
center  of  sec.  22  on  the  farm  of  Mr.  Whelan,  the  depth  of  which  i 
even  less  than  of  those  in  sees.  13  and  14,  being  but  22  feet.  Tli 
altitude,  however,  is  about  30  feet  lower  than  at  a  flowing  well,  5 
feet  deep,  at  Mr.  Whelan's  residence. 

The  flowing  wells  in  the  isolated  basin  on  the  line  of  sees.  19  ai 
30  are  on  <;round  about  20  feet  hnver  than  Pentecost  station,  whu 
is  at  the  south  edge  of  the  basin.  The  wells,  S  in  number,  are  < 
the  border  of  a  peat  bog  used  for  a  celery  farm,  and  range  in  dep 
from  40  to  ()()  feet.  They  are  controlled,  and  the  water  is  distribut 
as  needed.  They  are  said  to  fill  the  2-inch  pipes  and  discharge  mai 
gallons  a  minute.  The  head,  however,  is  not  great,  being  estimate 
at  10  feet  or  less.  Wells  and  basins  of  this  kind  may  have  the 
eatehnient  areas  on  the  bordering  high  land. 

The  catchment  area  for  the  Tipton  district  probably  lies  along  i 
northwest  border,  though  some  of  the  supply  may  be  from  still  high 
land  to  the  west  and  north. 
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Wells  in  Tipton  flowing-welt  district. 


'■      i 

When 
made. 

Di- 
ame- 
ter. 

Depth. 

Ele- 
va- 
tion. 

Feet. 

-860 

-»)0 

-902 

915 

905 

900 

904 
907 
904 

907 
905 
910 
899 
905 
905 
905 

875 
895 

8i« 
895 

898 
905 
905 
900 
916 
90a 
903 
915 
912 
912 
905 
895 
9a5 

Wa- 
ter 
rises 
to— 

Feet. 

Flow 
mmute. 

Qalls. 

Tem- 
ture. 

Quality. 

...;   13 

..J      14 

Loren  Taylor 

In. 

Feet. 
25 
25 

■"is" 

40 
40 

66 

80 

*   '46' 
51 
64 
70 

22 

""i\2 
"'76' 

75 
42 
40 
70 

op 

Smith  Hunger 

" 

::::;:::::::: 

...      15 
...      16 

...1      16 
...      21 

E.  J.  Whelan. 

F.M.  Dibble  a.... 

A.  Moraeman 

JohnConlin 

1890 
1897 

2 

1.5 

2 

2 

2 
2 
2 

2 

2 

2 

1.5 

2     • 

2 

2 

903 
917 
907 
900.2 

906 
910 
906 

911 
906 
911 
900 
907 
907 
907 

880 
898 

897 
898 

899 
907 
907 
902 
917 
908 
905 
918 
914 
914 
907 
897 
906 

1 
2 
2 

53 
51 
52 

Hard. 

Hard;  iron. 
Hard;  sulphur, 
iron. 

...      21 

...1     21 
...      21 

Thomas  Conlin 

....... 

1 

1.5 

.5 

5 

I 
1.5 

Weak. 
4 

1 
1 

53 
54 
62 

52 
53 
53 

■53' 
53 
53 

Orville  Kemp 

B.  F.  Norcrosa 

1888 

Hard. 

Hard;  iron,    sul- 

...     21 

do 

phur. 
Do. 

...      21 

W.  A.  Beebe 

Hard:  iron. 

..        21 

W.  E.  Cambum... 

Do. 

...      22 
...      22 
...      22 

JohnConlin  6 

Martin  Whel&n . . . 
do 

1880 
1891 
1891 
1890 

Hard. 

...      22 

22 
...       28 

..       28 
28 

1 

..       28 
28 

..;    29 

..1      29 

School   district 

No.  3. 
Martin  VVhelan . . . 

Hard;  iron. 

Charles  Lewis 

2 

1.5 
1.5 

1.5 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

.75 

8 

1 
.75 

1.5 
20 
15 
20 

2 

2 

2 

1 

5 
2 

50 

52 
52 

52 
53 
52 
52 
52 
62 
52 
52 
51 
51 
52 
51 

Hard;    iron,  sul- 

 do 

do 

phur. 
Do. 
Hard;    strong  in 

iron. 
Hard. 
Hard;  iron. 

do 

John  But  trick 



R.Kerr 

John  Cook 

Do. 
Hard. 

29 
29 

..;      29 
.1      29 

W.  8.  Pentecost... 

A.  Preston  c 

W.S.  Pentecost d. 
Lilly  &  Strong 

1889 

Do. 

Do. 

Do. 

Hard:  Iron. 

..i      29 

..i      30 

...      32 

32 

33 

R.  Warren* 

C.  Ridge brldger... 
C.  B.  febe/:.  ... 



Do. 
Do. 
Hard. 

F.  E   Derby 

Charles  Kemp 

2 

2 

Do. 
Hard"  iron. 

iir  other  flows  have  lxH»n  In.use  but  are  now  plugged.  Block  muck  24  iv^t,  gravel  1  foot,  blue  clay 
hard  pan  6  inches. 

)w  decreased  on  account  of  sand  and  gravel  filling  pipe.     First  well  in  village  of  Tipton, 
rnt^-fourths  mch  reducer  us*^d:  head  originally  932  feet, 
fds  sand  pumping,  flow  has  decn^ased. 

iginal  head,  9J0  feet,  weak  flow  at  27  feet;  ono-half  inch  roduct^r  used. 
ihadO  wells. 

WOLF   CREEK    DISTRICT    (tPS.  6  S.,  RS.  2    AXD    3  k). 

bere  is  a  narrow  strip  along  Wolf  Creek  Valley,  in  northeastern 
le  and  western  Adrian  townships,  in  the  vicinity  of  Wolf  Creek 
-office,  in  w-hich  flowing  wells  have  been  obtained.  The  head  is 
sufficient  to  give  a  flow  except  in  ground  25  feet  or  less  above 
preek.  Wells  on  higher  ground  show  a  rise  corresponding  to  that 
le  flow^ing  wells,  so  that  water  is  fre(|uently  very  near  the  surface. 
;  district  may,  as  indicated  in  the  discussion  of  the  Tipton  district, 

continuation  of  that  district.  Data  on  these  flowing  wells  were 
lined  by  the  writer  in  1S90,  and  it  is  not  known  whether  other 
ing  wxdls  have  since  been  obtained. 

.  E.  Marshall  has  a  well  at  Wolf  Creek  village,  94  feet  deep,  which 
etrated  till  50  feet  and  then  sand  to  bottom.  There  may  have 
a  a  crust  of  hardpan  above  the  water.     The  water  rises  fully  10 

above  the  surface,  and  the  w-ell  is  about  15  feet  above  the  stream. 
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A  well  at  L.  B.  KnolFs  store  at  Wolf  Creek,  78  feet  deep,  flows 
with  a  head  of  about  10  feet.  This  well  has  till  at  the  same  level  as 
the  sand  in  the  Marshall  well. 

Richmond  Ross  has  a  flowing  well,  81  feet  in  depth,  a  mile  south 
of  Wolf  Creek,  in  sec.  7,  Adrian  Township. 

On  the  Wilcox  farm,  insec.  13,  Rome  Township,  IJ  miles  south  of 
Wolf  Creek,  is  a  strong  flowing  well  about  40  feet  deep.  It  is  a  dug 
well,  into  which  the  water  came  so  rapidly  that  it  was  not  walled, 
but  was  filled  with  bowlders. 

Across  the  road  from  the  strong  well  on  the  Wilcox  farm,  on  the 
farm  of  Henry  Thomas,  is  a  weak-flowing  well,  thought  to  be  76  feet 
deep. 

There  is  also  a  shallow  and  weak-flowing  well  one-half  mile  north 
of  Wolf  Creek,  in  sec.  1,  Rome  Township. 

There  were,  in  1899,  two  weak-flowing  wells,  70  feet  deep,  IJ 
miles  northeast  of  Wolf  Creek  post-office,  in  sec.  31,  Franklin  Townr 
ship,  on  the  fann  of  Cornelius  Derby. 

WATER  SUPPLIES  OF  HILLSDALE  COUNTY. 

By  Frank  Leverett. 

TOPOGR^\PHY, 

Hillsdale  is  the  most  elevated  county  in  the  southern  part  of  the 
State,  its  altitude  ranging  from  about  830  feet  in  the  southeast 
corner  to  1,284  feet  at  '^Bunday  Hill,"  a  pronlinent  gravel  hill  near 
the  north  border.  This  county  includes  the  sources  of  Grand,  Kala- 
mazoo, and  St.  Joseph  rivers,  tributary  to  Lake  Michigan,  and  also 
of  llaisin  River  and  St.  Joseph,  of  the  Maumee  tributary  to  Lake 
Erie.  A  prominent  morainic  system  traverses  it  from  northeast  to 
southwest,  constituting  the  divide  between  the  Lake  Michigan  and 
Lake  Erie  drainages.  Parallel  w^ith  this  on  the  southeast  are  other 
moraines  at  lower  altitudes,  and  below  these  moraines  are  sags  and 
narrow  plains.  The  northwestern  part  of  the  county  is  broken  by 
sandstone  ridges,  which  in  some  cases  are  only  thinly  veneered  with 
glacial  deposits.  In  the  sandstone  ridges,  and  also  in  the  loose- 
textured  drift  that  make  up  the  bulk  of  the  morainic  ridges,  the 
ground-water  table  is  usually  at  considerable  depth,  so  that  welb 
75  to  125  feet  in  depth  are  not  rare,  while  a  few  extend  200  feet. 
On  the  plains  and  in  depressions  among  the  ridges  the  distance  to 
water  is  usually  but  a  few  feet .  There  are,  however,  places  in  which 
a  compact  clayey  till  underlies  the  plains,  and  there  it  may  be  neces- 
sarj'  to  go  to  considerable  depth  to  find  a  good  well.  Flowing  wells 
have  been  found  in  valleys  or  deep  depressions  at  several  points, 
and  may  perhaps  be  obtained  at  other  points.    They  are  usually 
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le  drift,  but  near  Reading  they  are  obtained  from  the  rock, 
tion  to  these  valley  districts  there  is  a  district  covering  sev- 
lare  miles  in  Ransom  and  Amboy  townships,  where  flowing 
ive  been  obtained. 

WATERWORKS, 

e  are  but  three  towns  in  the  county  in  which  public  water 
s  have  been  developed :  Hillsdale,  Jonesville,  and  Reading. 

HILLSDALE. 

public  water  supply  of  Hillsdale  is  drawn  from  Bawbese  Lake, 
lies  in  the  valley  of  a  tributary  of  St.  Joseph  River,  about  a 
>ove  Hillsdale.  The  waterworks  plant  was  built  in  1886  at  a 
$75,000,  and  has  12  miles  of  mains,  81  hydrants,  and  1,180 
There  are  two  Block  pumps  with  a  capacity  of  2,000,000 

JONESVILLE. 

village,  which  stands  in  the  St.  Joseph  Valley,  obtains  its 
from  three  tubular  wells,  two  of  which  are  in  gravel  at  about 
and  one  in  rock  at  80  feet.  It  enters  rock  at  about  60  feet, 
aping,  the  wells  yield  about  500,000  gallons  a  day. 
following  is  a  partial  analysis  of  the  village  supply  at  Jones- 
imished  by  M.  O.  Leighton,  of  the  United  States  Geological 
The  supplies  are  from  three  wells,  two  in  gravel  and  one 
•Qck,  so  that  the  sample  represents  a  mixture  of  the  three. 

Partial  analyKis  of  wall  irattr  at  Jonesiyille. 

Fairts  p<'r  Parts  per 

million.  million. 

19.  Carbon  dioxide  (COj) 110.  80 

2.        '  Sulphur  trioxide  (SO3) 29 

CI) .  l.T)        Hardness  (as  CaCOg) 139-f 

? wis,  analyst.     Depth,  56  feet. 

HEADING. 

village  derives  its  supply  from  4  tubular  wells  58  to  65  feet 
h,  which  enter  rock  at  about  28  to  80  feet.  The  water  stands 
)elow  the  surface.  The  wells  are  on  low  ground  outside  the 
The  plant  was  installed  in  1900  at  a  cost  of  S22,500,  and 
miles  of  main,  38  hydrants,  and  165  taps. 
^  is  given  a  partial  analysis  of  the  public  supply  at  Reading. 
Dtained  from  shallow  wells  in  the  lower  part  of  the  village, 
tta  are  furnished  by  M.  O.  Leighton,  of  the  United  States 
ical  Survey. 
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Partial  analysis  of  iveU  water  at  Reading. 


Ptrtoptf 
mlllioB. 


Carbon  dioxide  (OOj) 106. 76 

Sulphur  trioxide  (SO,) 25 

Hardness  (as  CaOO,) 139+ 


Parts  por 
million. 

Color 19 

Iron  (Fe) 8 

Chlorine  (CI) 4 

S.  J.  Lewis,  analyst.     Depth,  56  feet. 

Private  wells  15  to  30  feet  deep  are  still  in  common  use. 

MISCELLANEOUS  VILLAGE  SUPPLIES. 

At  Cambria,  which  is  located  about  6  miles  southwest  of  KBlls- 
dale,  in  the  valley  of  a  tributary  of  the  St.  Joseph  of  the  Maumee, 
wells  are  all  shallow,  ranging  from  8  to  35  feet  m  depth.  The  best 
supplies  are  at  about  30  feet. 

At  Litchfield,  in  the  valley  of  St.  Joseph  River,  in  the  northwestern 
part  of  the  county,  many  wells  are  drilled  into  rock  and  obtain 
strong  supplies  at  45  to  60  feet.  The  deepest  wells  are  about  lOO 
feet.     Some  wells  obtain  water  from  the  drift  at  10  to  15  feet. 

At  Mosherville,  in  Kalamazoo  River  Valley,  in  the  northern  part 
of  the  county,  wells  are  generally  20  to  30  feet  deep.  A  few  in  tie 
vicinity  are  drilled  in  rock  to  depths  of  100  feet  or  more. 

At  North  Adams,  in  the  north-central  part  of  the  county,  well 
are  usually  40  to  80  feet,  though  a  few  are  shallower.  Rock  is  ent^re^ 
at  about  80  feet,  but  supplies  are  usually  found  in  gravel  above  tb 
rock.  Fire  protection  is  provided  in  a  reservoir  supplied  from  well- 
In  the  vicinity  of  Pittsfield  some  wells  are  150  to  245  feet  dec] 
and  a  depth  of  150  feet  is  common.  In  some  the  water  stands  IC 
to  130  feet  below  the  surface. 

At  Waldron  wells  are  usually  about  30  feet  deep,  but  the  large-i 
supplies  are  from  90  to  120  feet. 

FLOWING  WELLS. 

RANSOM    TOWNSHIP. 

This  district  embraces  half  a  dozen  shallow  flowing  wells  scattered 
over  three  sections  in  Ransom  Township  south  of  Ransom  Cente 
and  only  2  or  3  miles  from  the  Ohio-Michigan  State  line.  (See  fig 
11.)  They  are  on  a  till  plain  sloping  southeastward,  the  catchmea 
area  probably  being  on  higher  land  inunediately  northwest.  Tli< 
data  on  these  wells  w^ere  collected  and  arranged  by  Jon  A.  Udden: 
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letter 

on 
llg.  11. 


A.. 
B.. 
C 
A. 

B.. 
A. 
B. 


Seo-  > 
tion.  1 


Wdls  near  Ransom,  Hmtdalf  County  {T.  8  S.,  R.  e  W.) 

Depth, 


Owner. 


When 
made. 


Diame- 
ter. 


1900 
1900 


27     Charles  Moore 

27     Frank  Day 

27  J.  Gear  a I    igga 

28  I  Isaac  Ely ! 

28  ;  M.  Welder ' 'J 

33  I  J.C.  Gear I     1883    \ 

33  I  (6)  I I 


Inches. 
4 
4 
4 
4 
4 
4 


V^itdf 


Feet.       Feet. 
26     +1.6 


20  , 
27 


+  .83 

+8 
22     +1.26 

22  : 

27  i  +8 


;   i'lcw 

rpw 

inlnuto. 


GaUs. 
2.6  I 

1.6  I 
4  I 
1.6  : 
1.5 

4 


Jem- 
^ra; 
ture- 


i)cra;  r '  ^  0  uality. 
tuir 


Hard,  iron. 
Do. 
Do. 
Do. 
Do. 
Do. 


•  Wben  made  this  weU  flowed  32  sallona  a  minute;  It  now  has  a  i-inch  redtioer.    The  water  in  this  and 
otter  wells  in  this  group  is  from  the  gravel  below  the  till, 
k  No  data. 


R.2W. 


FiQ.  11.— Flowing  wells  near  Ransom,  Hillsdale  County. 


JEROME. 

At  the  village  of  Jerome,  in  northeastern  Hillsdale  County,  in  a 
basin  at  the  head  of  Raisin  River,  is  a  group  of  shallow  flowing  wells. 
They  are  obtained  only  on  low  ground  near  the  stream.  The  well  at 
the  Jerome  Creamer}'  is  35  feet  deep  and  had  a  head  of  8  feet  in  1901. 
Mr.  Udden  visited  it  in  1904  and  found  the  head  only  6  feet.  The 
well  is  3-inch,  and  in  1901  discharged  5  gallons  a  minute.  In  1904 
Us  flow,  as  determined  by  IMden,  was  7  gallons.  The  temperature 
in  April,  1901,  was  53°  F.  The  well  was  through  blue  clay  most  of  its 
<Jepth,  and  obtained  water  in  gravel.     The  water  is  slightly  chalybeate. 

At  the  public  school  there  was  a  very  weak  well  in  1901 ,  but  Udden 
reports  a  well  drilled  there  in  1904  that  had  a  flow  of  3  gallons  a 
nut  182—06 8 
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minute.  It  is  on  ground  5  feet  higjier  thf^n  the  creamery  well,  and  its 
depth  is  correspondingly  gi-eator,  being  40  feet.  The  Cincinnati 
Northern -.Bailroad  had  a-welKat  its  station  in  Jerome  in  1901  that 
ilowe"(J -vigptcusly  a  few  feet  below  the  surface  into  a  shallow  dug  well. 
•  Tlie'well  is  about  60  feet  deep.  H.  S.  Walworth  had  a  flowing  well  at 
his  bam  that  discharged  in  1901  into  a  dug  well  4  feet  below  the  sur- 
face. Udden  reports  a  well  40  feet  deep  made  by  Mr.  Walworth  in 
1904  that  has  a  head  of  1  foot  and  a  discharge  of  2  gallons  a  minute. 
Another  flowing  well  reported  by  Udden  is  that  of  J.  Chandler, 
which  is  40  feet  deep,  has  a  head  of  1  foot,  and  dischai^es  2}  galloDs 
a  minute. 

WdU  at  Jerome. 


Owner. 

When  1  Dlame- 
made.  |      ter. 

Depth. 

Eleva- 
tion. 

Water 
rises  to— 

Flow  per 
minute. 

Qittlity. 

Crearnery  well 

igoo 

1904 
1904 

Inches. 
3 

2.5 
2.5 

Feet. 
40? 
40 
40 
40 

Feet. 
1,107 
1,112 
1,110 
1,109 

Feet. 
1,113 
1,113 
1.111 
1,110 

(ToZloiM. 
7 
3 
2 
2.5 

Hard,  iroa 
Do. 

Public  school    .  - 

H.  8.  Walworth 

Do. 

J.  Chandler  ..         

Do. 

MOSCOW   TOWNSHIP    (T.  5  8.,  R.  2    W.). 

A  single  flowing  well  was  in  operation  in  1901  on  the  farm  of  R.  C 
Showday,  about  IJ  miles  south  of  Moscow^  in  Moscow  Township,  in 
Kalamazoo  River  Valley.  No  further  data  were  obtained.  This 
valley  is  much  lower  than  bordering  uplands,  and  mav  prove  to 
have  conditions  favorable  for  flows  along  its  course  down  to  Moscow. 

WHEATLAND   TOWNSHIP    (T.  6    8.,  R.  1    W.). 

A  flowing  well  on  the  farm  of  H.  E.  WilUams  in  sec.  16,  Wheatland 
Towmship,  is  reported  by  W.  F.  Cooper  to  have  a  depth  of  50  feet,  a 
head  of  15  feet,  and  a  temperature  of  52°  F.  The  altitude  is  about 
1,100  feet,  or  a  Httle  lower  than  the  general  elevation  of  the  region. 

ALLEN    TOWNSHIP    (T.  6    S.,  R.  4  W.). 

A  well  on  the  farm  of  Walter  Jones,  in  Allen  Township  (sec.  34), 
is  reported  by  W.  F.  Cooper  to  flow  in  the  spring  and  through  wet 
seasons  but  usually  to  fall  to  about  5  feet  below  the  surface  in  dry 
seasons.  The  well  is  55  feet  deep,  and  the  altitude,  as  determined  by 
Mr.  Cooper,  is  1,113  feet.  Other  wells  in  that  vicinity  vary  several 
feet  in  accord  with  the  rainfall,  but  no  others  ever  flow. 
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CAMDEN. 

There  is  a  single  flowing  well  in  the  valley  of  a  tributary  of  St. 
foseph  River  about  \  mile  northeast  of  Camden  village,  on  the  prop- 
erty of  B.  R.  Alword,  in  sec.  22,  T.  8  S.,  R.  4  W.,  or  about  3  miles  east 
of  the  northeast  comer  of  the  State  of  Indiana.  It  was  made  in  1892, 
is  120  feet  deep  and  3  inches  in  diameter,  and  obtains  its  supply  from 

gravel.  It  flows  about  6  gal- 
lons a  minute,  and  the  water  is 

reported  by  the  owner  to  have  a 

temperature  of  only  49*^  F.      It 

is  used  in  a  creamery  and  cheese 

factory  for  cooling  purposes  as 

well  as  by  residents  for  drinking. 

The  water  contains  considerable 

iron  and  is  hard. 


R.3  W. 


CAMBRIA   TOWNSHIP. 


18 

\7j 

16 

Cambria 

21 

30 

^ 

V 

31 

32 

Fio.  12.— Flowing  wells  (from  rock)  near  Cambria. 
Hillsdale  County. 


In  the  western  part  of  Cam- 
bria Township  (T.  7  S.,  R.  3  W.) 
are  three  flowing  wells  from  rock. 
They  are  along  a  valley  consid- 
erably below  the  general  level  of 
the  region.  The  water  is  softer 
than  that  from  neighboring  wells 
that  terminate  in  the  glacial 
deposits.  The  wells  are  cased 
to  the  rock,  and  in  some  instances  a  short  distance  into  the  shale, 
which  is  the  upper  rock.     Water  is  found  in  sandstone. 

The  catchment  area  is  not  easily  located  where  wells  are  so  deep 
^ated,  and  is  especially  hard  to  ascertain  when  the  water  has  a  shale 
cover.  It  is  probable,  however,  that  this  cover  has  been  eroded  in 
places,  allowing  waters  from  the  drift  to  have  access  to  the  sandstone. 
The  tabulated  data  are  from  notes  by  W.  F.  Cooper  and  Jon  A. 
Wden. 


WeWi 

near  Cambria. 

1 
'  Diame-  ta.^.u 
ter.      ^^"P^^- 



Inches.'    Feet. 
2            90 
2          125 
2           104 

^^^'   See- 
on    \!r^ 
fig.l2.  tion. 

Owner. 

When 
made. 

1902 
1904 
10()0 

Head. 

Flow  per 
minute. 

Length 
of  casing. 

Temper- 
ature. 

A 18 

Arthur  Lane 

Feet.      Gallons . 
13  '           2.5 

Feet. 

r>5 

°  F. 
51 

i 19 

U.  Woodring 

E.  Mead  a 

14  i            5 
2              2.5 

51 

B 19 

85 

51 

^^il  and  gravel,  20  feet;  blue  clay,  57  feet;  shale.  27  feet;  water  probably  at  top  of  sandstone.    The 
outer  wells  each  entered  sandstone  a  few  feet,  and  the  drift  in  them  is  largely  sand  and  gravel. 


104       WELLS    AND   WATEB   SUPPLIES   IN   SOUTHERN   IdCHIGAir. 
WATER  SUPPLIES   OF   BRANCH   COUNTY, 
By  Frank  Leverett. 
GEXEUAL  STATEBCENT. 

Branch  County  is  in  the  south  tier  of  counties,  about  midwa 
hetween  Lake  Erie  and  Lake  Michigan,  its  county  seat  being  Col( 
water.  wSt.  Joseph  River  crosses  the  northwestern  part  and  r 
tributaries  drain  the  entire  count}'.  A  broad  gravel  plain  along  tl 
river  and  others  along  the  tributaries  together  cover  fully  one-thii 
of  the  surface,  the  remainder  being  a  till  tract  in  which  moraines  a 
not  conspicuous,  much  of  it  being  a  gently  undulating  plain. 

So  far  as  ascertained  no  flowing  wells  oc<;ur  in  the  county.  Tl 
wells  are  generally  too  shallow,  however,  to  test  the  chances  of  aflo^ 
Water  in  abundance  is  ordinarily  found  at  depths  of  20  to  40  feet, 
even  less  on  the  gravel  plains.  On  the  moraines  and  till  plains,  als 
wells  are  shallow  and  usually  dug.  Near  Sherwood  and  Union  Ci 
there  arc  a  few  driven  wells  75  feet  to  100  feet  in  depth.  The  drivi 
wells  are  usually  on  the  high  points  and  show  but  little  rise  of  wat< 

WATERWORKS. 

COLD  WATER. 

There  are  public  water  supplies  at  Coldwater,  Quincy,  and  Uni 
City,  all  from  tubular  wells  of  moderate  depth.  Those  at  the  Co 
water  waterworks  are  50  feet  deep  and  6  inches  in  diameter.  Tl 
will  yield  by  heavy  pumping  1,500,000  gallons  a  day,  which  is 
maximum  consumi)tion.  The  average  consumption  is  about  500,1 
gallons  a  day. 

QUINCY. 

The  public  su])j)ly  at  (Quincy  is  from  a  0-inch  well  30  feet  deep 
which  water  is  found  at  15  feel  and  at  35  to  38  feet.  The  well  ' 
yield  by  heavy  pumping  20,000  gallons  an  hour.  Below  is  give 
partial  analysis  of  the  water  from  this  well,  the  data  being  fumisl 
by  M.  O.  Leighton,  of  the  United  States  (leological  Survey.  '. 
water  is  very  hard  and  not  entirely  safe  for  drinking  purpc 
because  of  liability  to  contamination. 

Partial  aualytds  of  trrll  vaUr  at  Quincy. 

Parts  Par 

per  million.  per  mi 

(\)l()r 15     Curbon  dioxide  (CXJj) lli 

Iron  (Ke) Slijjht  tract'.     Sulphur  trioxide  (SO3) 2 

Clilorim' (CD 2.75 

S.  J.  Lowis,  analyst.     Depth,  36  f(?et. 
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UNION    CITY. 

Union  City  is  supplied  from  a  group  of  nine  drilled  wells,  but  little 
ixifonnation  could  be  obtained  concerning  them. 

MISCELI.ANEOU8  VILL.AGE  SUPPLIES. 

The  table  below  gives  data  furnished  by  residents  to  whom  water- 
supply  blanks  were  submitted : 

Village  supplies  in  Branch  County. 


Town. 

PaptK 

Source. 

Depth 
lo  totk. 

D*pt] 

From— 

lofwi 
To- 

Com- 
mon. 

Depth 

to 
wfttftr 
Iwd. 

Heftd. 

dprtnsp* 

Brtl^ 

BntleT.,";! 

Ftet. 

MA 

OEffi 
1,015 

Open  and  driven 

.....do. 

DuffWttlU^ 

F(€t. 

+25 

FtH. 

m 

Feet. 

10 
40 

Feel. 
25 

a) 
30 
30 

:» 

25 
20 

25 

30 
30 
30 
50 

ao 

25 

Small. 

Clil|ftnii»... 

.....do.,,,,..,.,,.. 

Gjrud 

e,2ie 

0H2 
900 

Driven  ivelli 

Dug    and    driv^en 

DiMwelLi .. 

Uh 

IS 

18 
15 

15 

m 
an 

40 
3U 

KiuieiliMk. . 

aenroijd"' 

hssa 

366 

S75. 

Drivtia  wcJla....... 

3hAtlow  vndJfl^dLig 
or  driven. 

30 

WATER  SUPPLIES  OF  ST.  JOSEPH  COUNTY. 

By  Frank  Leverett. 

GENERAL  STATEMENT. 

St.  Joseph  County  is  very  largely  occupied  by  gravel  plains  on 
which  water  is  easily  obtained  at  depths  of  20  to  40  feet  or  less. 
It  has  a  morainic  tract  along  its  western  edge  and  another  leading 
from  Centerville  southeastward  on  which  the  wells  vary  in  depth 
from  20  to  100  feet  or  more.  There  also  is  a  till  tract  in  the  north- 
eastern part  of  the  county  where  wells  are  of  various  depths  up  to 
100  feet,  a  common  depth  being  70  feet. 

Flowing  wells  have  been  obtained  on  the  border  of  Klingers  Lake 
in  the  southern  part  of  the  county  and  in  St.  Joseph  Valley  at  Three 
Rivers.  It  is  probable  that  flows  would  be  obtained  at  other  points 
along  St.  Joseph  River  if  deep  wells  were  sunk. 

FLOWING  WELLS. 

KLINGERS    LAKK. 

A  large  number  of  excellent  flows  have  been  obtained  on  the  border 
^f  Klingers  Lake,  some  yielding  as  high  as  15  gallons  a  minute.  The 
^'ells  are  mainly  40  to  50  feet  or  less  in  depth,  but  some  are  75  to 
80  feet.     The  water  will  rise  to  a  heii^ht  of  abbut  20  feet  above  lake 
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level.  The  temperature  is  quite  uniformly  53**  F.  Resorts  whii 
have  been  built  up  on  the  shore  are  known  as  ''Mound  Springs" 
and  '*  Mineral  Springs/'  Nearly  all  the  cottages  have  wells,  whici, 
when  fully  developed  in  fountains  and  grottoes,  will  form  a  veiy 
attractive  feature  of  the  resorts. 

Below  is  given  a  partial  analysis  of  a  representative  sample  from 
a  flowing  well  near  Klingers  Lake,  together  with  a  sample  of  lake 
water  from  the  same  locality.  The  data  were  furnished  by  M.  0. 
Leighton  of  the  IJnited  States  Geological  Survey^. 

Partial  analyneit  of  well  and  lake  water  at  Klingert  Lake. 

[Parts  per  mlllion.l 


Color 

Iron  (Fe> 

Chlorine  (CI) 

Carbon  dioxide  (COf  > . . 
Sulphur  trioxide  (SOj^ . 
Hardness  (as  CaCOa) . . . 


I 

19       I  10 

2.5  Sttghttncf 

1.6  I  1.5 
10a56!  S9.1 

15       I  15 
1117 


S.  J.  Lewis,  analyst.    1.  0(H)rge  Corson;  depth  47  feet.    2.  Lake. 

The  basin  in  which  Klingers  Lake  stands  is  so  much  lower  thai 
bordering  tracts  that  the  latter  may  easily  furnish  the  head  displayec 
in  these  wolls.  Whether  the  supply  is  from  a  moraine  north  of  th< 
wells  or  from  the  gravelly  plain  forming  an  outwash  east  and  soutl 
of  the  lake  is  not  determined. 

WATERWORKS. 

TILREE    KIVKRS. 

The  flowing  wells  at  Throe  Rivers  constitute  the  supply  for  tl 
waterworks.  There  are  nine  6-incli  wells  75  to  100  feet  in  deptl 
obtaining  water  in  sand,  but  thought  to  have  reached  shale  at  tl 
bottom  of  the  deepest.  The  supply  is  ample  for  the  present  nee< 
of  the  town.  The  water  will  rise  only  a  few  feet  above  the  su 
face,  so  that  flows  can  be  expected  only  on  ground  of  similar  elev; 
tion  or  on  the  low  bottom  along  the  river.  There  are  occasiou 
private  flowing  wells  in  Three  Rivers.  It  has  been  reported  that 
single  well  has  been  obtained  in  the  St.  Joseph  Valley,  in  sec.  1 
Lockport  township,  in  which  Three  Rivers  is  located. 

The  following  is  a  partial  analysis  of  the  j)ublic  supply  at  ThJ 
Rivers.  The  water  comes  from  a  number  of  connected  welk  val 
ing  in  depth  from  75  to  108  feet.  The  analysis  was  furnished  1 
M.  O.  Leighton,  of  the  United  States  Geological  Survey. 
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Partid  aiud}f9es  of  ttwS  waUr  ai  Three  Rivers, 

Paitfl  per  Parts  per 

minion.  miliion. 

kJor 6        j  Carbon  dioxide  (CO2) 101.13 

JOQ(Fe) 1.6       Sulphur  Trioxide  (SOj) 10 

ailorine  (CI) 2.76  I  Hardness  (as  CaCQ,) 139 

S.  J.  Lewis,  analjBt.    Depth,  76  feet. 

STUBOI8. 

The  public  supply  at  Sturgis  is  from  a  large  open  well  30  fe^t  in 
diameter  by  60  feet  deep,  in  which  four  tubular  w^elb  6  and  8  inches 
in  diameter  have  been  driven  to  a  depth  of  140  feet.  The  water 
stands  40  feet  below  the  surface.  The  supply  exceeds  the  present 
needs  of  the  town,  there  being  seldom  a  consumption  of  more  than 
125,000  gallons  a  day.  The  superintendent  of  waterworks  has  kindly 
furnished  the  following  analyses,  one  being  from  the  large  open  well, 
the  other  from  the  tubular  well. 

ArudysU  of  Sturgis  vxUer  supply. a 
[Parta  per  miUion.] 


Open 
well. 

Driven 
well. 

Cildam  carbonate 

263.99 
94.fi0  ; 
45.34  ; 
45.02  ! 
3.42  ; 
69.70 

282.46 

lUgnedmn  carbonate 

104.42 

Ctlciom  sulphate-..—. 

45.02 

Sodiom  ehlorido 

45.02 

Iron  oxidft  and  silica 

3.94 

Volatile  matter 

105.44 

Total  solids .  . 

521.97 

586.30 

*  Expressed  by  analyst  in  grains  per  gallon;  recomputed  to  parts  per  miUion  at  U.  S.  Oeol.  Survey. 

CENTERVILLE. 

Mr.  S.  J.  Lewis  reports  that  the  Centerville  plant  is  nearly  obso- 
lete and  suppli^  water  for  little  besides  the  main  street.  It  seems 
to  be  largely  for  fire  protection.  It  has  three  wells  sunk  so  as  to 
tap  a  large  spring  located  at  the  head  of  Hawk  Creek  just  below  the 
town  at  10  feet  below  the  surface. 

Below  is  given  a  partial  analysis  of  the  water,  the  data  being  fur- 
nished by  M.  O.  Leighton,  of  the  United  States  Geological  Survey. 

Partial  analysis  of  well  uxUer  at  Centennlle. 

Parts  per  Parts  per 

million.  mlllioQ. 

Color 15  Carbon  dioxide  (COg) 89.22 

Inon  (Fe) Very  slight  trac«.  j  Sulphur  trioxide  (SO;,) 10 

ailorinc(Cl) 2.125  I 

S.  J.  Lewis,  analyst.     Depth.  10  feet. 

COXSTANTINE. 

This  village  uses  Fawn  River  water  as  a  public  supply,  but  there 
.re  many  private  wells  in  use  that  range  in  depth  from  15  to  60  feet. 
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WATER  SUPPLIES  OF  CASS  COUNTY. 

By  Frank  Leverett. 

TOPOGRAPHY. 

Cass  County  consists  of  a  series  of  prominent  moraines,  between 
which  are  strips  of  gravelly  plain,  formed  as  an  outwash  from  tk 
bordering  moraines.  The  moraines  have  welk  of  various  depths  up 
to  100  feet  and  more,  there  being  apparently  no  imiform  water  table. 
The  gravel  plains  have  a  water  table  usually  20  to  40  feet  below 
the  surface  of  the  plains,  but  in  places  60  feet  below. 

MI8CELLu4NEOUS  VILIJLGE  SUPPUES. 

The  following  table  contains  data  furnished  by  residents: 

Village  supplies  in  Cass  C&Unty. 


1 
1 

1 

Fen 

Source. 

'i 

2 
5 

1 

Dep 
Feet. 

thofwBlU 

t 

Town. 

i 

1 

1 

S 

Cassopolis 

Public    supply    from 

Sione  Lake. 
Waterworks  from  driv- 

Feet, 

Fm. 

Ftei, 

F«l 

WmL 

Dowagiac 

7G0 

202 
*i38+ 

41 

18 
50 
35 
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FLOWING  WELLS. 

Flowing  wells  have  been  obtained  along  Dowagiac  Valley  at  Gleo 
wood  and  north  and  w^est  of  Dowagiac,  as  well  as  in  that  town;  al&< 
northw^est  of  Marcellus  at  Fish  Lake,  and  in  a  valley  2  miles  east  o 
Wakclee.     None  have  been  reported  from  other  points  in  the  county 

GLENWOOD    DISTRICT. 

There  are  three  wells  near  Glenwood  on  the  Hampton  stock  farm 
two  in  the  SW.  }  sec.  3,  and  one  in  the  NE.  }  sec.  10,  T.  5  S.,  R.  1  W 
One  well  has  a  depth  of  138  feet,  and  the  others  are  similar.  The; 
yield  strong  Hows  of  hard  water  carrying  iron.  The  Qatchment  are 
seems  likely  to  be  in  the  moraine  lying  southeast  of  the  wells.  Sprii^ 
are  also  abundant  along  the  base  of  this  moraine  near  GlenwocK 
Mrs.  C.  Wells  has  one  in  sec.  11,  T.  5  S.,  K.  15  W.,  piped  to  suppi 
house  and  barn. 
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LONG  LAKE. 

About  5  miles  west  of  Glenwood  on  the  bank  of  Long  Lake  is  the 
wing  well  pf  William  Peterbaugh,  but  no  data  were  obtained  as 
depth  or  rate  of  flow. 

South  of  this  well  in  sec.  18,  Wayne  Township,  A.  F.  Hatch  has 
flowing  well  36  feet  deep  that  flows  2 J  gallons  a  minute;  tempera- 
re  53""  F.     The  well  was  made  May  10,  1904. 

WEST   OF   DOWAGIAC. 

L.  J.  Pray,  a  driller  at  Dowagiac,  states  that  J.  C.  Becker  has  a 
)wing  well  west  of  Dowagiac  near  Dowagiac  River,  77  feet  deep, 
ith  a  'head  of  6  feet  that  will  flow  a  barrel  a  minute  from  a  2-inch 
pe.  The  well  was  made  in  1893.  Water  beds  were  struck  at  20, 
),  and  40  feet,  as  well  as  near  the  bottom. 

Another  well  reported  by  Mr.  Pray  is  on  C.  E.  White's  farm,  west 
•  Dowagiac,  and  this  has  suflBcient  force  to  bring  up  fine  gravel. 
:  flows  about  a  barrel  a  minute.  The  well  is  152  feet  deep. 
A  flowing  well  west  of  Dowagiac  on  the  farm  of  J.  F.  Cook  in 
?c.  33,  Silver  Creek  Township,  was  visited  by  M.  L.  Fuller  and  Jon 
L.  Udden  in  1904.  It  flows  15  gallons  a  minute  from  a  2-inch  pipe. 
iTie  depth  is  76  feet  and  diameter  2  inches.  The  water  is  hard  and 
chalybeate  and  has  a  temperature  of  52°  F. 

Across  the  road  from  Mr.  Cook's  well,  in  the  northwest  part  of 
Pokagon  Township,  is  the  well  of  J.  C.  Becker,  noted  above,  which 
was  shut  off  in  August,  1904,  while  Fuller  and  Udden  were  there. 

A  well  a  mile  south  on  the  farm  of  E,  W.  Whitmore  in  sec.  9, 
Pokagon  Township,  had  just  been  made  in  1904,  and  flowed  about  30 
gallons  a  minute  from  a  2-inch  pipe.  The  depth  is  86  feet  and  alti- 
tude about  745  feet.     The  temperature  is  52.5°  F. 

FISII    LAKE. 

A  single  flowing  well  is  in  operation  on  the  shore  of  Fish  Lake  3 
niiles  west  of  Marcellus.  It  was  put  down  for  Doctor  Davis  and 
has  a  depth  of  90  feet.  ° 

WATERWORKS. 

DOWAGIAC. 

The  waterworks  at  Dowagiac  have  eleven  wells  100  feet  deep,  and 
two  47  feet  deep,  all  but  one  being  6  inches,  and  that  is  4  inches  in 
liameter.  There  is  also  an  open  well  30  feet  in  diameter  and  16 
eet  deep.  The  deep  wells  flow,  and  in  the  shallow  ones  water 
tands  about  2  feet  below  the  surface.     The  water  has  a  temperature 

a  Data  furnished  ])y  VV.  F.  Cooper. 
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of  52°  in  the  deep  welb.  The  deeper  wells  appear  to  penetnte 
some  clay  near  bottom,  but  the  shallow  ones  pass  through  sandii 
which  there  are  gravelly  beds  which  yield  water  rapidly.  Tie 
strongest  supply  is  from  the  upper  beds,  which  yitfld  about  iN 
gallons  a  minute  by  pumping,  while  only  600  gallons  a -minute  in 
obtained  from  the  eleven  deeper  wells  « 

The  wells  are  not  so  strong  fis  when  first  made,  but  the  superm- 
tendent  reports  that  water  comes  in  as  rapidly  as  the  piunps  cu 
take  it,  for  the  water  is  pumped  direct  from  the  wells,  and  the  vacuum 
gage  shows  that  it  does  not  decrease  with  pumping. 

The  superintendent  furnished  the  following  record  of  the  shallow 

well: 

Record  ofttkaUow  vxUerworks  wtU  at  Dowagiae, 


Thicknna. 

ToUL 

Muck  and  fine  sand 

Fut. 
2 
8 
2 
16 
10 
15 

m.^ 

Coarse  sand ,  pebbly 

\ 

Fine  sand 

T 

Gravel  with  cobblestones 

8 

Cemented  sand  and  gravel 

S 

Fine  gra vpj ,  wRtpr.liearlng 

c 

CASSOPOLIS. 

The  public  supply  for  this  town  is  pumped  from  Stone  Lake,  but 
private  wells  are  in  common  use,  the  depth  being  from  16  to  40  feet. 

MARCELLUS.  • 

The  village  of  Marcellus  obtains  its  public  supply  from  driveJi 
wells  35  to  50  feet  in  depth.  The  pumping  is  direct  with  an  ordinary 
pressure  of  40  pounds  and  fire  pressure  of  90  pounds. 

WATER   SUPPLIES   OF   BERRIEN   COUNTY. 

By  Frank  Leverett. 

TOPOGIIAPHV. 

Berrien  is  the  southwest  comer  county  of  Michigan,  with  Lak 
Michigan  on  its  western  border  and  the  State  of  Indiana  on  i^ 
southern.  St .  Joseph  River  traverses  it  nearly  centrally  from  southea^ 
to  northwest,  and,  with  its  tributaries,  drains  all  the  county  excep 
the  southwest  corner  and  a  narrow  strij)  along  the  lake  shore.  L 
the  southeastern  part  are  plains  of  sand  and  gravel  in  which  tli 
water  table  is  adjusted  to  the  streams  and  lakes,  and  is  tapped  b; 
wells  at  depths  of  20  to  80  feet,  the  greatest  depth  being  on  ai 
elevated  plain  west  of  St.  Joseph  River,  just  north  of  the  State  lin€ 

a  Data  by  suporintendent. 
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he  city  of  Niles  has  sunk  wells  to  a  lower  water  horizon  beneath  a 
leet  of  clay  for  its  public  supply,  and  thus  obtains  flows.  A  promi- 
Bnt  morainic  ridge  east  and  south  of  Buchanan  is  surrounded  by 
ravel  plains  and  carries  wells  of  depths  ranging  from  25  feet  to 
lore  than  100  feet.  The  Valparaiso  morainic  system  forms  a  belt 
to  10  miles  wide  that  runs  northward  from  Galien  and  Dayton, 
rosses  St.  Joseph  River  between  Buchanan  and  Berrien  Springs, 
nd  then  passes  eastward  out  of  the  county  south  of  Watervliet. 
between  two  members  of  this  morainic  system,  in  Pipestone  and 
iainbridge  townships,  is  a  depression  in  which  an  important  flowing- 
rell  district  has  been  developed.  Flowing  wells  have  also  been 
•btained  along  the  inner  or  northwestern  border  of  this  morainic 
ystem  near  Galien  and  near  Watervliet.  In  the  moraines  wells  are 
>f  various  depths  and  differ  widely  in  head.  Between  the  Valparaiso 
norainic  system  and  the  shore  of  Lake  Michigan  are  till  plains 
nterrupted  by  small  till  ridges.  A  narrow  strip  between  the  western- 
nost  till  ridge  and  the  shore  of  Lake  Michigan  has  been  covered  by 
ake  waters,  and  in  places  is  capped  with  dunes.  A  few  flowing 
«'ells  have  been  obtained  in  low  places  along  the  lake  shore.  This 
vestem  part  of  the  county,  though  much  lower  than  the  eastern, 
md  probably  in  the  line  of  underground  drainage  toward  the  lake, 
loes  not  display  as  strong  hydrostatic  pressure  as  might  be  expected. 
The  wells  are  of  various  depths  and  seem  to  be  supplied  from  water 
)eds  that  are  not  widespread  at  any  one  horizon.  A  large  amount 
)f  blue  clayey  till  is  found  throughout  the  district  between  the 
Valparaiso  morainic  system  and  the  Lake  Michigan  shore,  but  in 
his  morainic  system  the  blue  till  is  interbedded  with  thick  deposits 
)f  sand  and  gravel,  while  east  of  this  morainic  system  the  till  is 
relatively  scarce,  except  perhaps  at  considerable  depth. 

WATEKWORKS. 

Several  towns  in  the  county  are  supplied  with  waterworks,  as 
indicated  below.  In  those  not  thus  supplied,  the  residents  depend 
^0  a  large  extent  on  tubular  wells  driven  to  moderate  depths,  seldom 
^ver  40  feet.  The  dug  wells  made  in  the  early  days  of  settlement 
are  being  superseded  by  the  less  easily  contaminated  driven  wells. 

NlLES. 

Two  systems  of  waterworks  are  in  operation  in  Niles;  one,  taking 
^ts  supply  from  Barron  Lake,  is  owned  by  a  private  company;  the 
^ther,  taking  its  supply  from  driven  wells,  is  owned  by  the  city. 
The  private  works  were  built  in  1879  and  were  the  sole  supply  for 
about  16  years,  when  the  city  built  its  own  works,  because  satisfac- 
tory terms  could  not  be  made  with  the  private  company. 
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The  \v(»ll.s  in  the  municipal  plant  are  in  St.  Joseph  Valley  and  i 
reported  to  have  a  head  of  several  feet.     The  water  is  pumped  i 
the  wells  to  a  staiuipipe  and  also  direct  to  the  mains.     The  reser 
pressure  of  55  pounds  may  be  doubled  in  case  of  fire.     The  avei 
daily  eonsuniption  is  about  half  a  million  gallons.     Water  power! 
used  in  punipintr.     There  are  15  miles  of  mains,  158  hydrants,! 
703  taps.     The  cost  of  the  plant  is  $175,000. 

BUCHANAN.  ** 

The  public  water  supply  of  Biudianan  is  furnished  by  six  wells 
to  40  feet  in  depth  and  6  inches  in  diameter,  having  a  head  nei 
level  with  the  surface.     The  water  is  pumped  direct  to  the  mi 
with  a  day  pressure  of  about  05  pounds  and  a  night  pressure  of  30| 
pounds.     In   1904,  in  prospecting  for  additional  sources,  the  welh 
were  carried  to  the  rock.     The  water  for  the  present  supply  is  froml 
gravel.     The  plant  is  nuinicipal. 

There  were  two  llowinti:  wells  on  low  river  bottom  at  Buchanan, 
but  since  the  dam  was  Iniilt  the  land  has  been  flooded  and  the  welb 
abandoned. 

THREE    OAKS." 

Th(^  ])ul)lic  su|)|)ly  of  Three  Oaks  is  owned  by  the  municipality 
and  is  from  one  ti-inch  well  7()  feet  deep  and  one  8-inch  well  86  feet 
dec]).  The  wells  are  largely  through  Idue  till  but  obtain  water  in  I 
sandy  gravel.  The  water  in  each  well  stands  30  feet  below  tbe 
surfac(\  The  coinbiniMl  yield  is  125.000  gallons  a  day;  this  supply 
is  scarcely  sulliciiMit  in  case  of  {\n\  but  arrangements  have  been 
made  with  the  Warren  Featherbom^  Company  to  pump  directly 
from  a  well  at  their  factory  into  the  village  mains  in  case  of  fire. 

BENTON    HAKROU." 

Both  s])rings  and  wells  are  in  use  and  furnish  an  adequate  supply 
for  present  need,  but  Lake  Michigan  will  probably  become  the 
source  of  sup])ly  should  the  present  prove  inadequate  or  unsuitable- 

The  plant  is  nmnicipal.  The  wells  range  in  depth  from  43  to  S^ 
feet. 

ST.    JOSEPH." 

The  public  supply  of  St.  Joseph  is  pumped  from  wells  sunk  in  tb^ 
bed  of  l^ake  Michigan  a  half  mile  or  more  south  of  the  mouth  of  St^ 
Joseph  Kiver.  The  wells  are  25  feet  deep  and  filled  by  gravity  from 
the  lake.  The  water  is  pumped  to  standpipe  and  to  the  mains  direct, 
the  ordinary  pressure  being  50  pounds  and  the  fire  pressure  100 
pounds.     The  plant  is  municipal. 

o  Information  furnished  by  Jon  A.  Udden. 
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EAU   CLAIRE. 


p  TPhe  village  of  Eau  Claire  is  reported  to  have  a  partial  public 
■Jpply;  which  is  obtained  from  wells  and  used  for  both  fire  protection 
CSikid  drinking. 

MISCELLANEOUS  VILLAGE  SUPPLIES, 

The  following  table  is  largely  made  up*  from  data  furnished  by 
OEcials  to  whom  water-supply  schedules  have  been  mailed;  it 
biLOWs  the  conditions  in  19  of  the  most  important  towns: 


Village  supplies  in  Berrien  County. 
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FLOWING  WELLS. 

GALIEN    DISTRICT." 

Two  flowing  wells  have  been  obtained  on  low  ground,  elevation 
about  660  feet,  a  short  distance  nortlieast  of  Galien  village.  One  on 
the  farm  of  William  Goodrich,  in  the  north  part  of  sec.  2,  was  made 
in  1897;  it  is  44  feet  deep,  l\  inches  in  diameter,  and  flows  2.5  gallons 
a  minute,  with  a  head  of  6  feet.     The  temperature  is  53°  F.     The 

other  well  is  in  the  northeastern  boundary  of  Galien,  in  sec.  3,  but 

no  data  concerning  it  were  obtained. 


o  Information  furnished  by  Jon  A.  Udden. 
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The  catchment  area  for  these  wells  in  all  probability  is  in  tk 
higher  land  in  the  Valparaiso  morainic  system  to  the  south  and  eastyi 
and  flowing  wells  can  probably  be  obtained  in  other  similar  low  trutt   c: . 
along  the  inner  slope  of  the  Valparaiso  morainic  system.    One  i 
the^e  fonns  the  next  district  discussed,  but  in  most  of  these  depne-   f- 
sions  no  explorations  have  been  made. 

WEESA'W  TOWNSHIP. 

There  are  three  flowing  wells  along  the  valley  or  depression  heading 
in  the  Valparaiso  morainic  system  in  southeastern  Weesaw  TownaJiip, 
about  3  miles  north  of  Galien.  The  well  of  John  Beckwith,  in  sec.  25, 
was  made  in  1895,  is  92  feet  in  depth,  and  2  inches  in  diameter;  it  — 
flows  2}  gallons  a  minute,  with  a  head  of  5  feet  or  more,  and  hasi 
temperature  of  53°  F. 

The  well  of  F.  Prinkert,  in  sec.  27,  is  42  feet  deep  and  l\  inches  in 
diameter;  it  obtains  wat^r  from  gravel  at  28  feet:  It  has  a  head  of 
12  feet,  flows  S  gallons  a  minute,  and  has  a  temperature  of  53®  F. 

A  flow  on  sec.  23,  on  the  property  of  Mrs.  Gallivan,  is  noted,  but 
no  data  are  given. 

NEW    BUFFALO   DISTRICT." 

There  were  several  flowing  wells  near  New  Buffalo  in  1887  when 
the  writer  mapped  the  glacial  features  of  the  region.  These  were 
on  low  ground,  scarcely  10  feet  above  Lake  Michigan,  and  had  a 
depth  of  about  30  feet.  From  the  lake  there  is  a  rapid  rise  to  a  till 
ridge  in  the  ea^^tern  part  of  the  village,  which  probably  serves  as  the 
catchment  area.  The  drift  at  the  village  extends  to  a  level  about 
200  feet  below  Lake  Michigan.  Mr.  X\lden  visited  New  BuflFalo  in 
1904  and  learned  of  three  flowing  wells  in  or  near  the  village. 

Tlie  well  of  Mr.  WiUianis  is  117  feet  deep,  2  inches  in  diameter, 
and  has  a  head  of  IJ  feet.  The  well  mouth  is  noted  by  Udden  ft^ 
619  feet.  It  flows  one-half  gallon  a  minute,  with  a  temperature 
of  53°  F. 

Henry  Gallwitzer  lias  a  well,  which  appears  from  Udden's  notes  to 
be  at  New  Bulfalo,  that  slnick  a  flow  at  46  to  50  feet  in  sand  and 
gravel.     The  water  is  hard  and  is  impregnated  with  iron. 

Murdock  &  Co.,  of  New  Bufl'alo,  are  also  reported  by  Udden  t(? 
have  a  flowing  well,  but  no  data  are  given. 

PIPESTONE   DISTRICT. 

The  Pipestone  district  lies  between  two  morainic  ridges  of  the 
Valparaiso  system  in  northeastern  Berrien  County  in  a  basin  drained 
by  Pipestone  Creek.     The  wells  are  mainly  in  Pipestone  Township, 

a  Data  by  Frank  Leverett  and  Jon  A.  Udden. 
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tlso  are  obtained  in  the  southeastern  part  of  Bainbridge  Town- 
They  occupy  a  belt  about  5  miles  in  length  and  1  to  2  J  miles 
dth,  forming  an  area  about  6  or  7  square  miles  (see  fig.  13). 
first  well  was  made  in  1877,  in  the  southwest  part  of  sec.  2, 
5tone  Township,  and  several  have  been  flowing  since  1878.  In 
,  51  wells  were  in  operation.  Within  the  limits  of  this  district 
about  a  dozen  wells  were  noted  which  do  not  flow,  and  these 
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Fio.  13.— Map  of  Pipestone  flowing-well  district,  Berrien  County. 

too  shallow  to  reach  the  beds  from  which  flows  are  obtained, 
combined  discharge  of  the  51  wells  was  116  gallons  a  minute, 
bout  170,000  gallons  a  day,  but  many  of  the  wells  have  reducers 
re  regulated  by  faucets,  so  that  this  discharge  represents  but  a 
11  fraction  of  what  the  wells  would  flow  if  the  pipes  were  left  open. 
)ably  the  district,  as  now  developed,  would  yield  more  than 
3,000  gallons  a  day,  or  enough  to  easily  supply  a  city  of  10,000 
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population.  The  water  is  used  for  cooling  as  well  as  for  drinli 
its  uniform  temperature  of  about  52®  F.  being  well  adapted 
creameries. 

Wells  which  have  received  proper  care  appear  to  show  little,  if 
decrease  in  head,  and  seem  to  possess  a  uniform  rate  of  flow  throi 
out  the  year.  Many  of  the  wells  have  not  been  properly  looked  al 
and  are  clogging  with  sand  or  are  in  need  of  new  screens.  The  m 
best  cared  for  have  been  cleaned  about  once  a  year. 

If  properly  distributed,  many  new  wells  could  be  put  down  in 
region  without  drawing  seriously  from  those  now  in  operation, 
well  made  in  sec.  13  in  1904  flows  12  gallons  a  minute,  and  seems 
to  interfere  with  the  flow  of  neighboring  wells. 

The  catchment  area  for  this  district  appears  to  be  in  the  men 
lying  east  of  it,  which  rises  in  places  to  an  altitude  of  more  than 
feet  above  the  wells.  Probably  the  gravel  plain  east  of  the  men 
also  contributes  to  the  supply,  for  it  stands  high  enough  to  fun 
considerable  head  at  the  level  of  these  wells. 

The  wells  pass  through  a  large  amount  of  clayey  till  before  reacl 
the  water-bearing  sand  and  gravel,  which  forms  an  excellent  C( 
to  prevent  natural  escape,  and  springs  are  consequently  rather  sci 
and  weak.  The  water  is  highly  mineraUzed  in  most  wells,  and  fo 
a  yellow  coating  where  it  discharges;  the  amount  of  mineraUza 
is  such  as  to  sustain  the  view  that  the  water  passes  underground 
some  distance — probably  more  than  a  mile — before  it  is  tapped 
the  wells.     It  is  from  medium  to  very  hard. 

The  tabulated  data  given  herewith  were  collected  ^d  arran 
by  Jon  A.  Udden.  The  wells  are  all  2  inches  in  diameter,  exc 
a  3-inch  well  of  J.  H.  Price  (E  10),  and  a  well  with  12-inch  wocx 
pipe  (E  15)  on  the  Rosenbaum  farm: 

Wells  in  Pipestone  district. 


Letter 

on  fig. 

13. 


A. 
A. 
B. 
C. 
A. 
B. 
A. 
A. 
B. 
C. 
D. 
E. 
F. 
G. 


Sec- 
tion. 


Owner. 


When    rk«„4.i, 
made.  ,  ^®P^^ 


Fred  Wolf 

J.  F.  Hastens. 1901 

W.Bateman 1878 

M.G.Matranfr ,    1901 

E.CoUins I    1902 

P.  L.  Northrop 

J.H.Price 

E.O.Davis 

W.B.  Graham ,    ISST) 

Mr.  Grieraec !    1902 

J.H.Price '    1903 

do 1899 

Clarke  —  d 1    i882 

I  r\'i  n  H  ague | 


Eleva- 
tion. 


60 
156 
130 

28 


55 
40  ' 
97 
57  I 
52 


Feet.  Feet. 
72.=) 
720 
727 
720 
720 
712 
705 
710 
710 
715 
710 
675 
720 
718 


Water 
rises 
to— 


Feet. 

725 

721 

729 

723 

720.9 
I    714 

707 
I  712 
I  712 
'  718+ 
I  710 
I  679 
j  723 
I    719 


Flow 

Tem- 

ute.« 

ture. 

GalU. 

•F. 

R  0.6 

53 

.75 

53 

.75 

52 

R  3 

52.5 

R    .25 

52 

2 

52.5 

R  1.5 

52 

.5 

53 

R  1.5 

53 

R  1.5 

53 

.75 

53 

R  2 

53 

R  2 

53.5 

R  2 

53.5 

Qntl 


«  Where  wells  arc  reduced  the  letter  R  is  prefixed. 

6  Original  head,  730  feet.    Clay.  30  feet;  quicksand,  30  feet,  from  which  water  came  to  tba  « 
blue  day.  65  feet,  with  hardpan  crust  at  l>ottom  covering  the  water  gravel, 
e  Ori^nal  head,  719  feet.    Clay  to  within  2  feet  of  bottom. 
d  Original  head,  732  feet.    Water  strong  in  iron. 
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tion. 


Oimer. 


10 
10 
10 
11 
11 
11 
11 
11 
11 
11 
11 
11 
14 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
22 
22 
22 
23 
23 
27 
27 
28 
28 

as 

35 
35 
36 
36 


C.Bafl«7« 

ILJ.Sheppard. 

P.Hacksledt 

FiedHoUer. 

JoeDupne 

ChariMRiuh 

John  Cannoii 

ELVuMCken* 

BertCMliiue 

Fxank  JohnMm 

B.  PotterlMuich 

ChariM  HmUiib 

O.ColUnsd 

School  District  No.  3., 

E.W.CUi]imL 

n.FPBcky* 

J.W.Kaiey 

T.Lan^ln/. 

OovHawkMF 

C.  F.  Ilartelrack 

Loula  White* 

C.  F.  Hartdnck 

W.  RoaeDbamn  < 

J.Aiimeck/ , 

a.FnstonJt 

Mn.WAlah 

Robert  Oano' 

John  Aumeckii , 

FredOch* 

Mn.Kinnleyo 

HenrrPrlcep. 

WnLFerrv. , 

John  Smith. 

L.  C.  Goodrich  » 

A.  M.  Stewart. 

F.  Bateman  r 

T.Morlock* 


When 
made. 


1901 


1804 
1880 
1900 


18BB 
1902 
1890 


1896 
1900 
1902 
1880 


1880 
1886 
1900 
1887 
1880 
1904 
1878 
1880 
1902 


D^f-hti^-i'SS' 


Feet. 
40 


40 
40 
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100 
60 
60 
60 


50 
62 
75 
106 
87 
97 


1894 


30 
36 
30 
96 
96 
96 
160 
146 


Feet. 
720 
712 

714 
720 
720 
720 
720 
715 
715 
712 
712 

712  ! 
712 
715  ! 

713  1 
710  I 
700 
712 
715 
710 
710 
710  I 
710 
710 
710 
712 
710 
702 
710 
725 
710 
710 
730 
730 
733 
715 
725 


Feet. 
722 

714 

716 

722 

721 

723 

721 

717 

717 

715 

714 

715 

713 

716 

715 

712 

703 

715 

715 

712 

714 

714 

710+ 

712 

712+ 

714 

712 

705 

712+ 

726 

713+ 

711 

732 

732 

735 

717 

T27 


Flow 
Pjsr 
min- 
ute. 


Tern-  I 

pera-  j  Quality. 

ture.  I 


OaOt, 

•F. 

RIO 

51.5 

R2 

52 

.75 

53 

2 

52.5 

1 

53 

R  3 

62.6 

1 

53 

.76 

53 

R  2.5 

58 

R  1 

53 

1 

58 

1 

53 

2 

62 

R  1.5 

62 

R  1.5 

52 

10 

62 

3 

51.5 

.5 

62 

R  2 

61 

R12 

61.5 

.5 

63 

R  1 

62 

62 

2 

61.7 

1.5 

51.6 

2.5 

61 

1 

51.4 

12 

61.6 

1.5 

63L5 

2 

61.6 

7 

62 

R    .25 

63 

1 

63 

1 

53 

.75 

53 

R  1 

52.5 

R  2.5 

53 

Hard. 
Do. 
Do. 


ue  clay,  35  feet:  quicksand,  5  foet;  water  in  gravel  at  bottom,  Btrong  in  iron,    ripe  has  a  1-inch 

fr. 

ij,  mainly  blue,  40  feet:  quicksand  and  gruvol,  5  feet. 

Iter  penetrating  50  feet  of  clay  a  weak  How  was  struck,  but  the  well  was  continued  through  10  feet 

ol  blue  clay  to  a  stronger  vein  In  sand  and  gravel.    The  pipe  has  a  1-inch  reducer.    Cost  said  to 

ueclity,  75  feet;  sand,  30  feet:  gravel,  12  feet.    Cost,  $30. 

riginal  head.  718  feet.    Entirely  through  clay  to  gravel  at  bottom.    Cost.  $40. 

loe  clay,  60  feet;  sand,  40  feet;  gravel  at  bottom  with  water  strong  in  Iron.'  Cost,  $45. 

lue  clay,  20  feet:  sand  and  gravel,  20  feet. 

low  has  decreased  because  of  filling  by  sand. 

-Inch  wooden  pipe. 

ntirely  through  clay  to  gravel  bed  at  bottom.    Well  needs  cleaning.    Cost,  $75. 

fin  at  27  feet  nad  a  head  of  10  feet,  and  one  at  75  feet  hud  a  head  0112  feet. 

ipea  are  ru.sted  and  flow  is  less  on  this  account.    Cost.  $1.20  a  foot.    Sand  and  gravel,  12  feet;  blue 

74 feet:  gravel  with  water  at  bottom. 

Tiginal  head,  716  feet;  clay,  mainly  blue,  97  feet:  fine  sand,  20  feet.    Cost,  $4rt. 

ewU  cleaning.    For.norly  flowed  7  gallons  a  minute. 

ogSed  with  iron  rust. 

xy,  10  feet;  quicksand,  18  feet:  coarse  gravel  at  1)ottom. 

riginal  head,  738  feet.    Water  strong  in  iron.    Cost,  ft')  cents  a  foot. 

riginal  head,  723  feet.    Blue  clay,  with  streaks  of  sand,  l.V»  feet:  hardpan,  6  inches;  gravel  at  bot- 

iginal  head.  743  feet,  and  original  flow,  a  barrel  a  miniitr.     Blue  clay,  20  feet:  fine  sand,  80  feet; 
nd  quicksand,  45  feet:  blue  clay,  very  hard,  1  foot;  gravd  at  bottom.    Cost,  $90. 


BAINBRIDGE    DISTRICT. 

lere  is  a  recess  on  the  inner  border  of  the  Valparaiso  morainic 
»m,  in  the  northern  part  of  Bainbridge  Township  and  soi^theast- 
5art  of  Watervliet  Township.  It  occupuvs  about  a  square  mile, 
\y  in  the  west  half  of  sec.  2  and  east  half  of  sec.  3,  Bainbridge 
iship,  there  being  but  one  well  north  of  the  township  line  (see 
OLB  182--06 9 
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fig.  14).  In  this  district  the  principal  group  is  on  the  farm  of  Heniy 
Gerling  in  the  southwest  part  of  sec.  2.  One  well  furnishes  water 
power  to  nin  a  feed  mill  and  5  others  are  used  to  supply  the  house  and 
sto(>k.     Mr.  Udden  visited  this  group  of  wells,  but  m  the  absence  o( 

the  owner  was  unable  to  get  date 
^'  *^  W-  as  to  the  yield  and  the  poirar 

furnished.  The  wells  vaiy  ii 
depth  and  obtain  water  appa^ 
ently  from  two  or  three  diffmut 
beds  of  gravel  or  sand  in  the  tDL 
This  district  may  be  capabb 
of  extension  to  the  north,  bat 
the  morainic  hills  which  bolder 
it  on  the  east,  south,  and  wot 
prevent  extension  in  those  dirw- 
tions.  The  catchment  area  ia 
all  probability  lies  on  these 
bordering  hills. 

W.  F.  Cooper  obtained  data  concerning  a  well  reported  by  tha 
owner,  Charles  Wasco,  to  be  in  sec.  6,  Bainbridge  Township.  This 
was  not  visited  by  Mr.  l^lden.  If  correctly  located  it  lies  in  a  dif- 
ferent district  from  that  under  discussion. 

The  (hita  collected  by  Mr.  Udden  and  also  data  from  Mr.  Cooper 
are  embraced  in  the  following]:  table: 


34           / 

•         /( 
WATERVLIET 

/  35 

3  ^    "T-^ 

V      36 
TOWNSHIP 

BAINBRID^E^ 

•         B. 

1  \i'' 

LINE 

M    0 
10 

12 

Fir; 


14.— Flowiiiij  wi'lls  in  BHlnbridgi*  and  Wator- 
vliot  townships.  B«»rrien  County. 


Wiils  at  BainbruJffe. 


on 
fig.  14. 


\ 

A 

A 
A 


tion. 


When     D.«m-    „,p,,Jf|cv;i-|^«*'I  "<"  I  "^ 


mmlo.      oivT. 


tion. 


to— 


J  per    I  vnr 
nute.j  tiW' 


2  .  Nicolas  Mo.'wr 

2     llcnn-  ("Irrlinijfi. . 

.T     J.  Wursko''. 
.1 

U'! 


.  Inchfx.     Fret.      Feet.  I  Ftet, 


To\viisl)in  w«'il 

(.'hjirlt's  Warsko  f. 
II.  W.  UuTTd 


1 1892 
11W2 

I  mi 
\\m 

JSUJ 
imi 


100 
.TO 
fiO 
An 
40 
45 
si) 


700  I    702+ 
CSO  I    70O+ 


OotfoM.' 

3       I 


705  I    707 
703      705 

+10 

+10 


25 
3 


.75 


'so? 


« 1  Irnry  (Jrrllnp  has  fiv«>  2-inoh  wr-lls  and  on*'  4-inch  well  ranjrinp  in  depth  f rom'30 to 80 fopt.  ThetortJ 
well  furnishi's  wal«T  powf-r  to  mn  a  f'fd  null  for  lionn*  uw.  Th«'  wi-lls  obtain  their  supply  from  ■»>*" 
and  gravel  InmIs.  the  principsil  1h'«1  N-iiig  al  about  ;'i(»  fi-ct.    The  average  cost  per  Well  la  fw. 

''  IJliK'  clay  hard  toward  hot  torn,  4:i  ifoi,  gravi-!  2  f«*ft.    Cost,  \5wnts  a  foot. 

'•Data  an'  from  a  schedule fllU-d  out  by  Mr.  Wursko.  in  which  he  placed  the  well  iniQC.  6. but poarfbi* 
it  is  in  <««<'.  M. 

'M);ita  furnished  by  drillrT,  .1.  Fritz,  of  C'olonia.  Water  veins  (xxiurn'd  at  'M  and  55foct.  ThoC«il**J 
is  17  ii'i-t.  Th«'  w«'ll  .suppll«'s  hou»*.  barn,  and  fish  poml.  It  is  lo<Mitc<l  just  north  of  the  line  of  W»t^* 
vlict  and  Bainbridge  townships  in  Water\'liet  Township.    Cost  $«>4.40. 


PAWPAW    LAKE. 

On  the  north  side  of  Pawpaw  Lake  in  Watervliet  Township,  norths 
ern  Berrien  County,  is  a  flowing  well  on  the  property  of  J.  K.  Blach- 
ford.  It  i.s  75  feet  deep  and  2  inches  in  diameter,  but  has  only  a 
half-incli  escape  pip(?.  The  altitude  is  about  625  feet  and  head  3 
feet  or  more. 
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WATER   SUPPLIES  OF  VAN  BUREN  COUNTY. 
By  Frank  Leverett. 
TOPOGRAPHY. 

Van  Buren  County  lies  north  of  Berrien  and  Cass  counties,  with 
^  narrow  fronti^e  on  Lake  Michigan.     Its  principal  stream  is  Paw- 
]paw  River  which  runs  westward   through  the  central  part  of  the 
county.     South  Black  River  drains    the  northwestern  part,   and 
Dowagiac  River  the  southeastern.     A  part  of  the  lake  shore  is  bor- 
dered by  high  sand  dunes. 

Morainic  systems  traverse  the  county  in  a  northeast  to  southwest 

direction,  the  Kalamazoo  system  crossing  the  southeast  corner,  the 

Valparaiso  system  the  central  part,  and  the  Lake  Border  system  the 

western  part.     The  Kalamazoo  system  is  largely  of  loose-textured 

drift  which  absorbs  rainfall  rapidly  and  presents  a  rather  deep-lying 

ground-water   table.     The   loose-textured   drift   is  unfavorable   for 

flowing  wells  on  its  inner  border  though  the  altitude  there  is  much 

lower  than  on  the  morainic  ridges.     There  are  sandy  plains  between 

the  Kalamazoo  and  Valparaiso   morainic  ^sterns  in  which  flowing 

wells  seem  to  be  obtainable  only  on  the  low  ground  along  streams  or 

around  lakes. 

In  the  Valparaiso  morainic  system  there  is  great  variation  in  tex- 
ture of  drift  as  well  as  great  irregularity  of  surface.  In  low  parts  of 
i  the  moraines  till  is  usually  present,  and  water  rises  nearly  to  the 
'  surface  in  the  wells  and  in  a  few  places  overflows.  The  high  parts 
of  the  moraines  are  usually  of  loose-textured  drift,  and  the  head  is 
not  sufficient  to  bring  the  water  near  the  surface.  West  of  the  Val- 
paraiso system  are  plains  partly  of  till  and  partly  of  sand,  in  which 
water  rises  about  to  the  surface  and  occasionally  flows  from  wells 
that  go  to  considerable  depth.  The  head  is  especially  high  in  recesses 
on  the  immediate  inner  border  of  the  Valparaiso  morainic  system, 
and  flows  arc  obtainable  in  some  of  these  recesses.  Flows  are  also 
obtainable  in  this  plain  near  South  Black  River  in  the  northwest 
part  of  the  county. 

A  ridge  of  clayey  till,  known  as  Covert  Ridge  from  Covert  village 
standing  on  it,  nms  across  the  western  end  of  the  county  at  a  distance 
of  2  to  4  miles  back  from  Lake  Michigan.  On  this  ridge  and  on  its 
inner  slope  wells  often  reach  considerable  depths,  and  the  w^ater  does 
not  flow  even  on  the  slopes  or  on  the  plain  between  this  village  and 
the  lake. 

Hon.  C.  D.  Lawton,  of  Lawton,  who  is  one  of  the  early  settlers  in 
this  region,  states  that  springs  seem  to  him  to  be  weaker  in  the  south- 
western part  of  Michigan  than  when  the  country  was  first  settled. 
They  are  still  of  such  strength,  however,  as  to  supply  a  strong  dry- 
weather  flow  to  most  of  the  streams. 
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WATERWORKS. 
BANQOR.  • 

The  Bangor  waterworks  are  municipal.  The  supply  is  from  wdk 
about  60  feet  deep,  in  which  water  stands  7  to  9  feet  below  the  fsat- 
face..  An  excavated  well  14  feet  deep  receives  the  water,  which  is 
pumped  to  a  tank  with  a  capacity  of  50,000  gallons.  The  pressure 
is  55  pounds  to  the  square  inch.  The  plant  was  put  in  operation  m 
1903. 

DECATUR.  * 

The  supply  is  from  two  6-inch  wells  90  and  115  feet  deep,  with 
water  32  feet  below  the  surface.  The  wells  yield  400  gallons  a  miii- 
lite,  and  are  seldom  low^ered  more  than  10  feet  by  pumping.  One 
well  is  cased  81,  and  the  other  90  feet.  There  was  some  water  at  36 
to  60  feet  V)ut  this  was  cased  out.  The  w^aterworks,  which  are  munici- 
pal, were  installed  in  1895.  The  pumps  are  placed  in  a  pit  28  feet 
deep  and  deliver  the  water  to  a  standpipe  115  feet  high. 

HARTFORD.  ^^ 

The  Hartford  supply  is  from  wells  40  to  42  feet  deep,  with  water 
about  10  feet  below  the  surface.  Water  is  pumped  to  a  tank.  The 
plant  is  municipal. 

LAWRENCE.^ 

Tlio  su])ply  is  from  two  6-inch  wells,  60  feet  deep,  which  yield  about 
40  gallons  a  inimite.  The  water  is  pumped  direct  to  the  mains.  The 
plant  is  nuniicipal. 

PAWPAW.'' 

At  Pawpaw  there  is  a  large  well  20  by  25  feet,  in  the  bottom  oi 
which  two  0-inch  wells  are  drilled  about  40  feet;  the  wat^r  rises  int< 
the  excavated  well  about  17  feet.  Four  hours  are  required  in  drj 
weather  and  about  three  hours  in  wet  weather  to  fill  it  to  that  level 
the  first  0  feet  will  fill  in  one  hour.  The  water  is  pumped  to  a  stand 
pipe  120  feet  high,  w^iich  gives  a  pressure  of  nearly  60  pounds.  Ii 
case  of  fire  direct  pressure  is  applied.  The  works  are  municipal 
They  were  installed  in  1893  at  a  cost  of  $20,000.  There  are  6.5  mile 
of  mains,  40  hydrants,  and  318  taps. 

SOlirn   HAVEN. '^ 

The  supply  is  from  horizontal  Cook  wells  pumping  to  a  standpipe 
The  wells  are  pushed  into  sand  8  feet  below  the  bed  of  I^ake  MichigaD 

o  InfonnAtion  furnished  by  Jon  A.  Uddon. 

b  Information  furnished  by  I.  D.  Galbraith,  superintendent  of  waterworks. 

<-  Information  furnished  by  postmaster. 

d  Data  mainly  from  Manual  of  AmericaB  Waterworks. 
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B^xid  consist  of  several  S-inch  pipes  150  feet  long.  The  standpipe  has 
et  capacity  of  140,000  gallons.  The  plant  was  built  in  1892  at  a  cost 
of  $37,000;  it  is  owned  by  the  village. 

The  following  partial  analysis  of  the  water  from  the  Rector  well 

at  Hartford  was  furnished  by  M.  O.  Leighton,  of  the  United  States 

Geological  Survey: 

Partial  analysis  ofwdl  vxUerfrom  Hartford. 

Parts  per 
million. 

Color 5 

Iron  (Fe) Good  trace. 

CUorine(Cl) 2.75 

S.  J.  Lewis,  analyst.  ^ 

MISCELLAXEOUS  VELLAGE  SUPPLIES. 

The  following  table  presents  data  on  village  supplies  which  have 
been  obtained  largely  by  correspondence  with  residents : 

J  VUlage  supplies  in  Van  Buren  County. 


Carbon  dioxide  (CO2) 

Parts  per 
million. 
122. 46 

Sulphur  trioxide  (SO,) 

Hardness  (as  CaCO,) 

20 
+139 

1 

1 

SouPDe. 

Bppth  of  wvllA. 

1 

T^WTU 

J 

i 

j 

Spiln^ft, 

Bk«Diimf*loie  . 

1.021 
336 

Fed. 

650 

1  730 

f  Driven  wbIIs  and  ^mUtwtytk^ 

Flowing  ^mXU,  otlwr  ilrivrm 

well*. 
Driven  wpUs,  rlv*!r  JipringF. , . 
Driven  ureUii 

i» 

Itt 
40 

U 
12 

ao 
la 
u 

23 

to 

m 

20 

70 
230 

\m 

100 
n 

125 

25 
80 
lUO 

m 
m 

347 

*0 
SO 

90 

m 

25 
35 

as 
40 
so 

I  115 
50 
30 

25 

35 

15 

Fed. 
-10 

-40 

-to 

':^ 

-20 
-15 

{i"r 

-30 

SniaO. 

}       DO. 

Do. 
Nonf. 

^Mtur 

H«ttoni 

K«l*r 

UndilL. 

Kflftjifl „ 

LS5(4 
LOT? 

780 

062 
780 

eao 

TOO 
700 

776 

Driv<>n  vi^pUs  at  wat^'rworkii. . 

Driven  wrllfl ,.... 

.....do. 

Drlv*nwclU,  InfUirting^ral^T- 
wortcn. 

Drivmi  welU.... „..,-.,„.*„ 

.....do ...,...,,,».,..... 

.....do,., 

do 

Small. 
Do. 

Do. 

Do. 

None. 

i*«fiiL 

I4«tl4irjiii 

MS 

D  rivp  Q  wpI  1 B ,  1  ncl  1  idf  ng  wat  i*r- 

Drlvi'ri  wHIs ....,,.,,.,, 

.....ilo.._., - 

30 

too 

55 
2,1 

100 

Small. 
Do. 

4,0)0 

730 

im 

Wnt^rwori-s  rroni  TiUti"  Mk'h- 
igiin    and    private    drivpn 
well*. 

FLOWING  WELLS. 

HARTFORD    TOWNSHIP. 


Flowing  wells  have  been  obtained  in  4  small  pools  in  Hartford  Town- 
ship (T.  3  S.,  R.  16  W.) — one  near  Rush  Lake,  in  the  northwest  part; 
another  in  the  valley  of  Pawpaw  River,  in  the  west  part;  a  third  along 
a  small  tributary  of  Pawpaw  River,  in  the  southwest  corner  of  the    ^ 
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township;  and  a  fourth  in  the  headwaters  of  Pine  Creek,  in  the  south- 
east part.  No  data  were  collected  concerning  the  first  and  second 
districts.  In  the  third  the  data  on  a  single  well,  that  of  O.  S.  Mo- 
Gowan,  was  obtained  by  W.  F.  Cooper  through  correspondence  witl 
the  owner.  The  well  is  in  sec.  31 ,  and  was  made  in  1885.  The  dq>di 
is  44  feet,  water  being  struck  at  40  feet  in  gravel  under  clay.  Tie 
head  is  10  feet  above  the  surface,  and  the  flow  is  about  a  half-inck 
stream.  The  water  has  been  piped  to  the  kitchen  and  also  supplin 
stock.  It  is  medium  hard,  with  some  iron.  The  cost  of  the  well  and 
piping  was  $75. 

The  fourth  district,  in  sees.  26  and  27,  includes  4  wells  on  the  fann 
of  Easton  Brothers,  of  Hartford,  and  4  others  on  farms  of  Fred  War- 
ren, W.  P.  Smith,  John  Ray,  and  Charles  Floate,  all  of  which  wen 
reported  to  W.  F.  Cooper  by  Easton  Brothers.  The  Easton  welkan 
about  58  feet  deep,  and  obtain  water  in  gravel  near  the-  bottouL 
There  are  30  feet  of  sandy  drift  at  the  surface,  below  which  is  blw  | 
clay  to  the  water-bearinj;  jjravel.  One  or  more  of  the  wells  have  beea 
in  operation  since  1887,  and  together  they  now  yield  about  300  ba^ 
rels  a  day.  The  flow  appears  to  be  regular  throughout  the  year. 
The  Smith  well,  made  in  1886,  is  about  68  feet,  and  the  Warren weD, 
made  in  1S92,  58  feet  deep.  Mr.  Udden  visited  these  wells  in  1904, 
and  found  the  Smith  well  to  flow  3  gallons  and  the  Warren  well2i 
gallons  a  miimte,  while  one  of  the  Easton  wells  flowed  7  gallons. 

This  district  and  that  in  sec.  31  are  each  in  a  recess  in  the  Val- 
paraiso moraine,  which  forms  the  catchment  area  and  governs  the 
head. 

PAWPAW    TOWNSHIP  (t.  3  S.,  R.   14  W.).* 

In  addition  to  the  flowin*]:  w(41s  at  the  Pawpaw  waterworks,  whicb, 
as  noted  al)()ve,  discharj^e  into  a  hivfj^e  open  w-ell,  there  are  occasional 
flows  on  low  ground  in  that  vicinity.  The  head  is  probably  from  * 
catchment  area  on  higher  ground  to  the  southeast.  One  well,  ontb^ 
farm  of  Aaron  Hathaway,  in  tlu^  southwestern  part  of  sec.  23,  2  mile- 
south  of  Pawpaw,  in  the  valley  of  West  Pawpaw  River,  is  flowing 
about  2  gallons  a  minute,  with  a  head  of  1  h  feet.  The  well  is  45  feel 
deep,  IJ  inches  in  diameter,  and  cost  $30.     It  was  made  in  1901. 

The  two  partial  analyses  given  below  show  the  qualities  of  waters 
obtained  from  the  shallow^  wells  at  Pawpaw.  The  situation  of  this 
type  of  shallow  wells  within  the  city  is  such  that  they  are  liable  tc 
contamination  and  are  unsafe  sources  of  domestic  supplies.  The  date 
were  furnished  by  M.  O.  I/cighton,  of  the  United  States  Greological 
Survev. 


a  Data  collected  by  Joa  A.  Udden. 
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Partial  analyses  of  well  vxUerfrom  Pavrpaw. 
[Parts  per  million.] 


24 

Very  slight  trace. 

) 1.5 

itle  (COi) i  76.73 

>xlde  (80») 0 

ks  CaCOa) 139+ 


5 

NODP. 

2.75 
80.03 

0 
15 


8,  analyst.    1.  City  well;  depth,  20  feet.    2.  Dykeman  Ilouse;  depth,  30  feet. 
ANTWERP   TOWNSHIP.** 

red  Bassett  has  a  flowing  well  2  miles  northeast  of  Lawton^ 
illey  of  a  tributary  of  Pawpaw  River,  in  the  northwest  corner 
J2,  Antwerp  Township  (T.  3  S.,  R.  13  W.).  It  was  made  in 
1904,  is  only  13  feet  deep,  and  has  a  head  of  8  feet.  It  dis- 
12  gallons  a  minute  from  a  pipe  IJ  inches  in  diameter.  The 
ture  is  52°  F.  The  water  supplies  a  trout  hatchery  known 
Glen  Spring  Trout  Company."  This  valley  could  probably 
loped  for  other  flows,  either  from  this  shallow  source  or  from 
sources.  The  prominent  Kalamazoo  moraine  to  the  east 
good  catchment  area. 

WAVERLY   TOWNSHIP  (t.  2  S.,  R.   14  W.).^ 

t  8  miles  northwest  of  Pawpaw,  in  the  valley  of  Pawpaw 
!  a  group  of  8  flowing  wells,  7  being  in  sec.  30  and  1  in  sec.  31, 
'  Township.  (See  fig.  15.)  One  well  is  63  feet  and  the  others 
xen  45  and  50  feet  deep.  They  are  mainly  through  blue  clay 
-bearing  gravel  at  bottom.  Most  of  them  were  made  between 
d  1884,  and,  with  one  ex- 
are  reported  to  flow  with 
1  strength  as  when  first 
ndeed,  the  owners  think 
the  wells  are  increasing 
f  flow.  They  have  always 
"y  weak,  however,  flowing 
or  less  per  minute,  except 
ell,  that  of  W.  North,  which 
)out  9  gallons.  It  is  this 
well  that  is  thought  to 
creased  in  rate  of  (low;  it 

15  feet  deeper  tliaii  tlie  others,  and  probably  struck  into  a 
id  better  water  bed.  It  rises  to  ai)()ut  6  feet  above  the  sur- 
lile  the  others  will  rise  to  but  little  more  than  1  foot.  The 
hard  and  strong  in  iron.     The  wells  are  all  north  of  the  river, 
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-Map  of  Waverly  flov\ing-wol 
Van  Hurfii  County. 


district, 


tion  furnished  by  Jon  A.  l'(l<l<'ii. 
linly  collected  by  Leven'tt  in  1887 
s  by  Udden. 


but  the  district  was  visited  by  Udden  in   1904      The 
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the  ground  on  the  south  side  being  too  high  for  a  flow. 
to  the  east  probably  serves  as  the  catchment  area. 

WeiU  at  W overly. 


Thecoi 


Letter 

on  fig. 

15. 

Soc- 
tlon. 

Owner. 

When 
made. 

Diame- 
ter. 

Inchet. 
1.25 
2 
2 
2 
1.25 

Depth. 

Head. 

Casing. 

Flow 
minute. 

F( 
f 

A   

30 
30 
30 
30 

1      30 

1      30 

30 

1      31 

1 

W.  North 

1884 
1880 
1884 
1903 

1889 

Feet. 
63 
49 
40 
50 
50 
40 
49 
45 

Feet. 
+&6 
+1 
+  .5 
+1 
4-1 
+1 
+  1 
+  1 

Feet. 
5a4 
9 

f 

"ii"' 

15 

OoAff. 
9 

.75 
.5 
.5 
.5 

1 

.5 
75 

CrTT 

B.. 

O.  Y.  Culver 

T<Cf 

C 

C.  B.  Smith 

D 

L.  Crawell 

E 

Albert  Cornell 

F 

do 

G 

W.  Beeching 

1884 
1880 

1.25 
1.25 

A.     . 

John  Brooks. . . 

On  the  Snow  fann,  in  sec.  2,  there  is  a  single  well  at  the  we 
base  of  a  niorainic  ridge  that  runs  north  toward  Gbbleville.  Th( 
is  58  feet  deep,  and  is  in  clay,  except  8  feet  of  gravel  at  the  boi 
The  head  is  scarcely  1  foot.  Probably  other  flowing  wells  cou 
obtained  on  the  lowest  ground  along  the  inner  border  of  this  moi 

ARLINGTON    TOW^NSHIP. 

There  is  a  group  of  flowing  wells  in  a  marsh  in  the  northeast 
of  Ariington  township  (T.  2  S.,  R.  15  W.),  in  sees.  11,  12,  13,  ar 
(See  fig.  16.)     Four  of  the  wells  were  put  down  by  H.  Hogm 

obtain  water  for  use  in  a  pe 
mint  factory  to  strain  and  dig 
the  peppermint  and  to  coo 
coils  in  the  distillery.  The  c 
are  used  to  supply  stock  in 
tures.  With  the  exception  c 
two  shallow  Hogmire  wells,  2 
28  feet,  the  wells  are  about  5 
in  depth,  and  pass  through  4 
or  more  of  blue  clay.  Ther< 
thin  deposit  of  muck  and 
above  the  clay,  usually  5  to  1' 
thick.  The  water  is  from  sa 
gravel,  and  is  hard  and  stro 
iron.  The  catchment  area  is 
ably  in  the  higher  land  on  tl 
mediate  border  of  the  bas 
which  the  wells  are  situated, 
further  development  of  fl< 
wells  wnll  be  restricted  to  th 
marshy  ground  on  its  immediate  borders.  This  marsh  extends  s 
eastward  into  Waverly  TowTiship,  about  2  miles  farther  than 
have  yet  been  developed,  and  farther  extension  of  the  distri 
that  direction  may  be  expected. 


FiQ.  10.— Arlington  Township  floMrlng  wells. 
Van  Biin»n  County. 
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K>etter 
16. 

Sec- 
tion. 

Owner. 

When 
made. 

Diame- 
eter. 

Depth. 

Head. 

Cost. 

Flow  per 
minute. 

JL 

11 
11 
12 
12 
13 
13 
14 

Mr.  aapeck 

1902 

Jwhet. 
2 

1.25 
1.25 
1.5 
1.25 
2 
1.25 

Feet. 
50 

•  27 
28 
51 
47 
68 
50 

Feet. 

+  1 
+6 

$70 

GaUow. 
0.5 

15. 

M.  H.  H^ire 

A.  - 

do 

do 

.5 

Jk. 

do 

5 

B- 

Chartes  Mohns 

1904 
1888 

4-3 
4-3 

50 
15 

3 

A. 

A.  Conleson 

.5 

BANGOR   TOWNSHIP. 

The  greater  part  of  Bangor  Township  (T.  2  S.,  R.  16  W.)  is  unfavor- 
able for  obtaining  flows,  but  there  are  occasional  low  tracts,  either 
basins  or  long  sags  traversed  by  drainage  lines,  in  which  it  is  possible 
to  obtain  flowing  wells.     Mr.  Udden  noted  the  following  wells: 

Davis  Clinard,  in  sec.  8,  has  a  well  from  gravel;  depth,  47  feet; 
diameter,  2  inches;  water  within  1  foot  of  surface.  Bruce  Kinney-,  in 
sec.  15,  has  a  flowing  well;  no  data  concerning  it. 

G.  W.  Overton,  in  sec.  18,  has  a  w^ell  42  feet  deep  that  flows  with  a 
head  of  li  feet.  The  well  penetrated  muck  10  feet,  blue  clay  30 
feet,  and  gravel  2  feet. 

GENEVA   TOWNSHIP. 

A  flowing  well  was  obtained  some  20  years  or  more  ago  on  the 
fann  of  Irving  Pierce  in  the  southwestern  part  of  Geneva  Town- 
ship (T.  1  S.,  R.  16  W.)  at  a  depth  of  230  feet.  It  penetrated  190  feet 
of  drift,  largely  blue  till,  and  40  feet  of  shale  rock.  The  water  rises  7 
feet  above  the  surface  and  the  flow  is  weak.^ 

Mr.  M.  W.  Hyenga  has  a  well,  in  sec.  24,  that  flows  2  gallons  a 
minute.  Its  depth  is  48  feet,  diameter  2  irches,  head  16  feet,  tem- 
perature 52°  F.  The  well  is  said  to  flow  stronger  than  usual  if  a 
stiff  southwest  wind  is  blowing.     The  water  is  from  fine  sand. 

The  head  in  the  waterworks  well,  in  Bangor,  is  such  that  a  flow 
could  be  obtained  at  the  level  of  the  lowest  ground  along  Black  River. 

COLUMBIA    TOWNSHIP. 

Mr.  Udden  ascertained  that  thirty  years  ago  there  was  a  flowing 
well  at  Breedsville  on  P.  A.  England's  property  near  Black  River, 
about  15  feet  below  the  level  of  Breedsville  station,  or  652  feet  above 
tide.  The  head  was  7  feet  above  the  surface.  The  well  was  very 
popular  for  drinking.  The  notes  seem  to  indicate  that  it  has  ceased 
flowing. 


a  Data  coUooted  in  1904  and  arranged  >)y  Jon  A.  Udden. 
6  Infonnation  obtained  by  Leverett  in  1887. 
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F.  L.  Pca$e  has  a  weak  flowing  well  in  Breedsville  that  baidj 
drips.     It  is  abouf  25  teet  dee]». 

About  2  niiles  east  of  Breedsville,  in  sec.  34,  Columbia  Township,  is 
a  flowing  well  on  the  farm  of  John  Quackenbush,  that  has  bc«n 
running  for  twenty  years  with  no  apparent  decrease,  and  now  dis- 
charges :\  gallons  a  mmute.  It  is  54  feet  deep,  2  inches  in  diameter, 
and  has  a  head  of  at  least  2i  feet.  It  penetrated  sand  3  feet,  blue 
clay  50  feet,  and  gravel  at  bottom. 

It  is  probable  that  flowing  wells  may  be  obtained  along  the  low- 
land bordering  Black  River  from  Breedsville  eastward  past  tbe 
Quackenbush  well,  and  also  down  the  valley  to  Bangor.  The  higji- 
land  south  and  east  furnishes  a  natural  catchment  area  capable  d 
giving  strong  head  to  w^ells  along  the  valley. 

BLOOMINODALE. 

In  the  south  part  of  the  village  of  Bloomingdale  are  several  flowing 

wells  about  40  feet  in  depth.     They  are  all  south  of  the  Michigan 

Central  Railroad,  the  alti- 
tude north  of  the  railroad 
being  too  great  to  permit  a 
flow.  The  water  rises  3  to 
9  feet  above  the  surface, 
according  to  height  of  well 
mouth,  the  full  elevation 
being  but  little  above  the 
level  of  the  Michigan  Cen- 
tral tracks  near  the  depot, 
732  feet.  The  land  east 
from  Bloomingdale  rises  to 

about  SK)  feet  on  the  moraine   between  Bloomingdale  and  Goble- 

ville. 

The  j)lat  of  Bloomingdale  village  (fig.  17)  shows  the  distributiol 

of  the  wells.     This  i)lat  and  the  few  data  eonceming  the  wells  jus 

given  were  obtained  by  Jon  A.  Udden. 
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Fig.  17.-  Maj)  of  part  of  JtI(H)niingdalo,  Van  Duron 
Count \^  showing  rllsliibution  <»f  flowing  wells. 


PIXE    GROVE    TOWNSHIP. 

Mr.  A.  M.  Todd  of  Kalamazoo  has  flowing  wells  on  his  mint  fam 
in  sec.  25,  Pine  Grove  Township  (T.  1  S.,  R.  13  W.),  which  is  in  i 
swamp  bordering  Pine  Creek.  No  data  concerning  the  wells  weri 
obtained.     They  were  reported  by  D.  W.  Broadhead  of  Kendall,  Mich 

This  swamp  is  several  niiles  long  north  and  south,  and  lies  at  th< 
base  of  a  very  prominent  drift  ridge.  The  situation  seems  favorabl 
for  flowing  wells  the  entire  length  of  the  swamp. 
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WATER  SUPPLIES  OF  KALAMAZOO  COUNTY. 

By  Frank  Leverett. 

TOPOGRAPHY. 

A  gravel    plain    about    15  miles  wide    runs  across    Kalamazoo 
County  from  north  to  south  through  the  central  portion  and  another 
covers  most  of  the  northwestern  township.     The  Kalamazoo  mo- 
rainic  system,  which  traverses  the  northwestern  part,  lies  between 
these   plains  and    includes  another    plain    between  its  two  ridges, 
which  are  largely  of  gravel  and  sand.     It  occupies  northwestern 
Cooper,  southeastern  Alamo,  most  of  Oshtemo,  and  the  western  part 
of  Texas  Township.     In  the  eastern  part  of  the  county,  in  Charleston, 
Climax,  Wakeshma,  and  Brady  townships,  there  is  a  till  tract  cover- 
ing about  100  square  miles,  including,  however,  around  the  village  of 
Climax,  a  gravel  plain  of  several  square  miles.     Kalamazoo  River 
traverses  the  northeastern  part  and  drains  much  of  the  northern  half 
of  the  country.     The  southern  half  is  mainly  tributary  to  St.  Joseph 
River.    Lakes  abound  in  the  moraines  and  gravel  plains,  but  are 
not  numerous  on  the  till  tract  in  the  southeastern  part.        — 

On  the  Kalamazoo  morainic  ridges  and  on  the  elevated  gravel 
plain  in  the  central  and  northern  part  of  the  county,  water  is  seldom 
obtained  at  a  depth  of  less  than  50  feet,  and  frequently  only  at 
more  than  100  feet.  The  water  table  in  these  tracts  is  probably 
about  on  a  level  with  the  surface  of  lakes  and  streams,  which  are 
usually  in  deep  basins  or  channels.  But  toward  the  south  end  of 
the  county  the  lakes  are  about  on  a  level  with  the  gravel  plain  and 
wells  are  obtained  at  shallow  depths.  In  the  gravel  plain  in  the 
northwestern  part  of  the  county  also  wells  are  shallow,  for  it  is  a 
comparatively  low  plain,  with  the  water  table  near  the  surface.  The 
till  tract  in  the  eastern  part  of  the  county  usually  affords  wells  at 
moderate  depths  of  25  to  40  feet,  but  in  places  they  are  driven  100 
to  200  feet  if  water-bearing  beds  are  wanting  or  inadequate  for  a 
strong  well.  Flowing  wells  are  obtained  only  in  the  valley  of  Kala- 
mazoo River  in  or  near  Kalamazoo. 

WATERWORKS. 

KALAMAZOO. 

The  city  of  Kalamazoo  obtains  its  public  supply  from  wells  in 
the  drift  at  its  pumping  station  in  the  southern  part  of  the  city. 
The  wells  are  in  the  edge  of  a  shallow  valley  excavated  in  the  broad 
valley  of  Kalamazoo  River  and  are  near  the  south  bluff  of  the  river. 

The  first  waterworks  plant  was  built  in  18G9  and  reconstructed  in 
1884.     The  total  cost  to  date  for  construction  and  repairs  has  been 
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about  $750,000  There  are  at  the  pumping  station  two  Gaskell 
pumps  with  a  capacity  of  3,000,000  gallons  each.  The  distribution 
system  April  1,  1905,  comprised  a  total  of  297,042  feet,  or  about  56} 
miles,  as  follows: 

Kalamazoo  distribution  sytiem. 

24-inch  suction  pipe  or  siphon 2,90 

20-inch  mains 1,0 

16-inch  mains 4,Ml 

12-inch  mains %Vi 

10-inch  mains SS^M' 1 

8-inch  mains £0^730 

6-inch  mains 102,9tt 

4-inch  mains 94,fiS 

2-inch  mains 200 


297.012 


The  ordinary  pressure  is  45  pounds  to  the  square  inch  and  the 
fire  pressure  80  to  90  pounds  at  the  pumping  station.  The  city 
stands  mainly  in  the  river  valley  at  a  level  differing  but  little  from 
that  of  the  pumping  station. 

The  water  supply  is  in  part  from  a  large  open  well  22  feet  in  diam- 
eter and  32  feet  deep,  and  a  second  large  well  around  which  are  13 
tubular  wells  6  inches  in  diameter  and  80  to  120  feet  deep,  which 
overflow  into  it.     The  wells  from  top  to  bottom  are  in  sand  and 
gravel  saturated  with  water.     The  depth  of  the  tubular  wells  varies 
with  the  distance  to  a  gravel  bed  that  screens  readily,  much  of  the 
material  passed  through  being  rather  fine  sand.     The  water  would 
rise  in  the  tul)ular  wells  to  2  or  3  feet  above  the  surface,  but  is  turned 
into  the  large  well,  at  8  to  10  feet  below  the  ground  in  order  to  increase 
the  yield.     The  rate  of  flow  from  these  wells  is  as  high  as  250,000 
gallons  a  day  from  a  single  well  when  working  most  favorably,  but 
some  wells  have  diminished  because  of  rusting  of  the  pipes  and  con- 
sequent  leakage.     In  one  case  a  well  which  at  first  yielded  only 
50,000  gallons  a  day  was  so  developed  by  proper  adjustment  of  th< 
screen  as  to  yield  a  much  larger  amount.     The  maximum  yield  front 
the  13  tubular  wells  has  been  about  2,000,000  gallons  a  day,  but  the 
}ield  at  any  particular  time  will  depend  upon  the  condition  of  each 
well  at  that  time.     The  open  well  can  be  depended  <m  to  fumisl 
about  3,000,000  gallons  a  day,  and  constitutes  the  cliief  supply  foi 
the  city." 

The  insane  asylum  at  Kalamazoo  has  a  waterworks  supply  inde 
pendent  of  the  city  system.  It  is  derived  from  nonflow^ng  drifi 
wells.  The  number  of  inmates  is  about  1 ,660  and  of  employees  300 
making  a  total  of  nearly  2,000  consumers.* 

a  Data  obtainiHl  from  tho  en^neer  of  waterworks. 

b  Data  obtainod  from  Dr.  E.  A.  Christian,  March,  1006. 
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Arudyses  o/KaloTnazoo  vxUers.a 
[Reduced  to  iwrte  per  million.] 


C«CO, 

C«804 

ViBOt+SiOa. 
CO^ 


180 
21 


K° 


jfyCi 

Votatfle  matter*,  v.. . 

Total  matter 

Tout  hardnesa 

FttmADent  hardness . 


FiK  ammonia 

Albuminoid  ammonia 

Oxygen  from  permanganate. 


36 

371 

16«» 

5«» 

1 

.02 
.02 
.28 


140 

150 

23 

22 

4 

67 

101 

23 

7 

43 

30 

300 

320 

W* 

6» 

.5 

.05 

.02 

.25 

In  the  following  table  are  given  a  number  of  additional  partial 
analyses  from  the  vicinity  of  Kalamazoo^  showing  the  relative  com- 
position of  the  public  water  supply  in  the  river  water  and  the  water 
from  flowing  well  at  the  Bryant  paper  mill.  The  data  were  fur- 
nished by  M.  O.  Leighton,  of  the  United   States   Geological   Survey. 


Partial 

analyses  cfuxUers  near 
[Parts  per  million.] 

Kalamazoo. 

1. 

2. 

46 

1 

1.5 
87.  G8 
-29 

3. 

Color. 

10 

5 

IiOQ  (Fe) 

2 

4 
95.85 
0 

0 

C!ilorine(Ci) 

2.5 

Carbon  dioxide  (COt) 

88  73 

Solphar  Trioxide  (SOs). . . 

-29 

Hardness  (as  CaCO>) 

4-139 

8.  J.  Lewis,  analyst.    1. 
feet. 

Bryant  paper  mill;  depth  12.5  feet. 
VICKSBURG. 

2.  Rive 

r.    3.  Pub 

lie  supply 

depth  30 

The  pubUc  supply  at  Vicksburg  is  from  three  6-inch  wells  60  feet 
deep,  from  which  water  is  pumped  direct  to  the  mains.  An  ordinarj^ 
pressure  of  50  pounds,  and  a  fire  pressure  of  90  pounds  is  given. 
The  works  were  established  in  1897  at  a  cost  of  $12,000. 


FULTON    AND    OSHTEMO. 


Fulton  and  Oshtemo  have  partial  systems  of  waterworks,  water 
bemg  pumped  to  a  tank  for  village  use.  The  village  of  F'ulton  built 
the  tank  and  sunk  the  well,  but  the  tank  and  well  at  Oshtemo  were 
put  in  by  M.  Gibbs.  The  terms  on  which  water  is  furnished  have 
not  been  ascertained. 


o  Water-Sup.  and  Irr.  Pap«'r  No.  31,  V.  S.  (leol.  Survey,  1899,  pp.  39-40. 
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MlSCBLiIiANEOUS  VIIiliAGE  SUPPIilBS. 

Reports  showing  general  conditions  in  several  towns  in  this  countr 
have  been  obtained  by  correspondence  with  residents,  and  the  resulte 
are  tabulated  below : 

ViUaije  supplies  in  Kalamazoo  County. 


Town. 

I'op- 
uln- 
tion. 

KlPVH- 

tion. 

Sourc*'. 

;     Di>pth  of  wells. 

Deptb 

to 
waU>r 
bed. 

Head. 

Fret. 


IS 

-20 

Sprti^ 

Alamo 

Feet. 

7»vr. 

800 

97.'V 
9(X) 
78.) 

Driven  wells 

1    Feef. 
25 

:          25 

30 
10 
18 
90 
12 
45 
15 
20 

!          40 

50 
150 

40 
50 
50 

100 
35 

130 
50 
(10 

NO 

Feet. 
25 
30 

ao 

25 

ao 

100 
28 
50 
40 
50 

80 

Fert. 
25 
.10 

30 

is 

05 
28 
50 
40 
50 

70 

Aiigiista 

Climax 

Fullon 

Galpsbiirg... 

Oshtcmo 

Portage 

Richland 

Schoolcraft.. 
Vioksbunf... 

Yorkvilln... 

.Ml 

:m 

275 

(!»•) 

12.-) 

"312' 

U72 

Driven  wells:  Kalamazoo 

River. 
Open  and  driven  wi.«lls 

Driven  wells 

NOHL 

Do. 
SaulL 

IMiO 

mi 

tt2« 
8S3 
857 

972 

do 

Driven  wells;  crw'k 

Driven  wells 

do 

Lakes  and  drivi^n  wells. 
Including      water^'orks 
wells. 
Driven  wells 

-?5       Do. 
-15  !     Do. 
-45    Now. 
-20       Do. 
-10       Do. 

-40  !     Do. 

FLOWINCt  WEI^LS. 

There  are  two  flowing  wells  in  Kalamazoo  at  the  Bryant  paper 
mill  in  Portage  Creek  Valley  a  short  distance  east  of  the  waterworici 
wells  and  on  ground  perhaps  a  few  feet  lower.  One  well,  6  inches  in 
diameter  and  143  feet  in  depth,  which  w^as  made  in  1901,  has  ahead 
of  24  feet,  and  is  estimated  to  flow^  800,000  gallons  a  day.  The  strong 
flow  WHS  struck  at  122  feet,  and  the  water  bed  is  22  feet  thick;  the 
well  j)a.ssed  tlirough  oO  feet  of  blue  clay  under  the  surface  gravel 
before  striking  the  vein. 

The  data  concerning  this  well  were  furnished  by  this  driller,  James 
A.  Newell,  of  Kalamazoo,  who  states  that  this  is  only  one  of  several 
artesian  wells  in  the  vicinity.     He  has  never  struck  a  flow  in  a  weU 
closer  to  tli(»  river  than  tlwvse,  which  are  about  a  mile  from  it.     Not€^ 
collected  by  Jon  A.  IMden  state  that  Ileniy  Y).  Knowles  drilled  ^ 
well  122  feet  for  tliis  paper  company  that  will  flow  250  gallons  0^ 
minute  from  a  6-inch  pipe. 

In  notes  collected  by  Mr.  Udden  reference  is  made  to  three  other 
flowing  wells  which  appear  to  be  in  Kalamazoo.  One  on  Vine  street 
is  47  feet  deep,  1}  inches  in  diameter,  and  flows  3  gallons  a  minute. 
Another,  not  located,  is  78  feet  deep,  and  2  inches  in  diameter,  and 
flows  5  gallons  a  minute;. it  passed  through  coarse  gravel  26  feet, 
black  soil  15  feet,  blue  clay  35  feet,  and  gravel  3  feet;  it  was  drilled 
by  ilr.  Knowles  and  cost  868.  A  gas  company,  apparently  in  Kalan 
mazoo,  has  a  well  60  feet  deep  and  6  inch(»s  in  diameter,  in  which 
water  rises  to  the  surface.  It  penetrated  gravel  and  clay  48  feet, 
blue  clay  4  feet,  and  gravel  6  feet;  the  cost  w^as  $120. 
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WATER  SUPPLIES  OF  CALHOUN  COUNTY. 

By  Frank  Leverett. 

TOPOGRAPHY. 

Calhoun  County,  which  lies  east  of  Kalamazoo  County,  has  exten- 
sive gravel  plains  following  its  principal  streams,  and  loose-textiu-ed 
drift  in  moraines  and  uplands  outside  the  gravel  plains.     The  Marshall 
sandstone,  which  forms  the  bed  rock  under  the  drift  in  much  of  the 
coimty  is  also  loose-textured  and  a  great  water-bearer.     This  sand- 
stone rises  in  hills  in  the  eastern  part  of  the  county,  but  in  the  central 
and  western  parts  the  drift  knolls  and  ridges  give  the  relief  above  the 
gravel  plains.     A  prominent  moraine  of  the  Saginaw  lobe  runs  across 
the  northern  part  of  the  county,  and  a  somewhat  complex  system  of 
moraines  across  the  southern  half,  all  trending  from  east  to  west. 
Kalamazoo  River  runs  westward  across  the  county  a  little  north  of 
the  middle,  and  together  with  Battle  Creek,  a  northern  tributary, 
drains  the  northern  half  of  the  county.     The  southern  part  of  the 
county  is  drained  by  the  St.  Joseph  and  its  tributaries. 

This  county  has  generally  abundance  of  water  for  wells  at  moderate 
depth,  wells  being  usually  but  20  to  40  feet,  though  on  the  high  gravel 
plain  north  of  Kalamazoo  River  they  are  75  feet  deep.  Outside  the 
cities  water  is  generally  obtained  in  the  drift,  but  in  the  cities  many 
wells  have  been  sunk  into  the  Marshall  sandstone.  This  sandstone 
furnishes  the  pubUc  supply  for  Albion  and  Marshall,  and  tests  are  now 
being  made  to  determine  if  the  city  of  Battle  Creek  may  not  also 
take  its  supply  from  this  source. 

WATKRWORKS. 

Xlbion. 

The  city  of  Albion  draws  its  supply  from  a  group  of  flowing  wells 
on  low  ground  near  Kalamazoo  River.  Those  first  made  are  1 10  to 
114  feet,  but  one  made  in  1902  is  176  feet.  They  have  a  head  8  to  10 
feet  above  the  surface  or  about  940  feet  above  tide.  In  the  well  made 
in  1902  the  principal  supply  is  from  a  depth  of  164  to  176  feet,  and 
it  will  furnish  by  pumping  400  gallons  a  minute.  Its  head  is  9  feet, 
and  it,  as  well  as  the  others,  discharges  into  the  waterworks  reservoir, 
whence  the  water  is  pumped  to  a  standpipe  128  feet  high  with  a 
capacity  of  108,000  gallons. 

BATTLE    CREEK. 

The  present  supply  is  from  Goguac  Lake,  which  stands  near  the 
southwest  edge  of  the  city  at  an  altitude  about  80  feet  above  the 
business  part.     Water  is  pumped  to  a  standpipe.     Wells  are  being 
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sunk  (in  1904)  in  Battle  Creek  valley  and  at  other  points  near  tb 
city  to  obtain  a  supply  less  objectionable  than  the  present,  am   e=:_ 
inhabitation  of  the  shore  of  the  lake  threatens  to  pollute  the  watff. 

MARSHALL. 

The  city  of  Marshall  is  supplied  from  wells  in  the  sandstone,  ii 
at  Albion,  and  water  is  pumped  to  a  standpipe  100  feet  high,  withi 
capacity  of  235,000  gallons. 

MlSCELIiANEOUS  VILiU^^GE  SUPPIJI». 

The  following  tabulated  data  on  village  and  city  supplies  wen 
obtained  from  personal  visitation  and  correspondence  with  residenfti: 

ViiUage  and  city  supplies  in  Calhoun  County. 

Depth  of  wclU. 


Town. 


Popu-  !  EJe- 
»^^»°""tlon. 


Source. 


Albion '    4,519 


Feet. 

I    940 


I 


Athena i i    885 

Battle  Creek  '  18,5ti3  ;    820 


Burlington.. 


334  >  4:930 


Clarpndon. 973 

HonuT l,a>7  990 

Joppa 20  910 

Mttn>ngo 920 

Marshjill 4.:i70  S20 

Tart  olio KK)    i:0.50 

Tekonsha ■       573  1    945 


Welln  in  sandstone 
and  drift:  Kala- 
mazoo Kiver. 

Driven  wells 

0<^uac  L^ike  and 
rock  wells;  Kala- 
mazoo Rive  r; 
Battle  Creek. 

Open  and  drilled 
wells;  stream. 

Driven  wells 

....do 

....do 

Driven  wrlls:  Kala- 
mazoo UiviT. 

Wells  In  samlstono; 
Kalamazoo  River. 

()p<'n  and  driven 
wi'ils;  spriiigs. 

Open  and  driven 
wells. 


Depth 

to 
rock, 


Feet, 
10 


10 


30 

75 

90 

+65 

(iO 

20 

+50 


From—'  To~ 


t 


Feet. 
20 


Feet. 
176 


40 
100 


10 

10 
24 

I 
30  ! 

if>! 

I 

15 ; 


108 

100 
190 
66 
00 

100 

50 

30 


Com-  water 
bed. 


mon. 


Feet. 
110 


12-20 

20 
30 
18 
30 

80 

45 

20 


Depth 
to 


Head-jSprtBi^ 


Feet. 
IM 


+8 


-30 


80+5 


16-20 
20 


IS' 


Do. 


50  !  -20' 

80;  -20' 

45  I  -30  ,  lledliB*- 

20     -15  I  Small- 


FIX>WINf;  WELLS. 

So  far  as  ascertained  no  flowing  wells  from  the  drift  have  hee^ 
obtained  in  Calhoun  County,  except  around  Battle  Creek,  in  tests  f<^^ 
a  city  supply,  and  there  the  water  is  obtained  at  the  top  of  the  rocl^  ^ 
Flowing  wells  may  be  obtained  from  the  Marshall  sandstone  on  \o^9^ 
ground  along  Kalamazoo  River  and  Battle  Creek,  from  Battle  Creel^ 
up  to  Albion,  at  depths  of  75  to  200  feet  or  more.     Tests  of  ther 
capacity  of  wells  at  Verona,  a  suburb  of  Battle  Creek,  in  Battle  Creek 
Valley,  showed  that  strong  pumping  of  one  well  would  affect  others 
to  a  distance  of  about  a  mile;  pumping  5,000,000  gallons  a  day  for 
ten  days  lowered  the  head  in  wells  one-fourth  mile  distant  about  3 
feet,  and  in  wells  one-half  mile  distant  about  6  inches,  while  at  a 
mile  it  was  scarcely  perceptible.     This  wide  connection  between 
wells  leads  to  the  conclusion  that  if  a  large  well  is  opened  on  ground 
a  little  lower  than  those  now  flowing  it  is  verj'  liable  to  draw  down 
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tfbB  water  level  and  perhaps  stop  the  flow  in  wells  for  some  distance 
iuround. 

If  reports  concerning  a  decrease  in  the  supply  at  Albion  are  correct, 

it  would  seem  that  the  wells  in  rock  are  supplied  from  a  catchment 

area  close  at  hand,  for  they  are  said  to  become  weaker  in  dry  weather, 

^vrhen  the  ground- water  table  in  the  surrounding  region  is  lowered. 

I>r.  A.  C.  Lane  mentions  a  shortage  in  the  Albion  wells  in  July,  and 

a  cessation  of  the  National  Bank  well  in  that  city  in  dry  weather." 

The  hardness  of  the  water  is  such  as  to  favor  the  view  that  it  is  taken 

from  the  overlying  drift  deposits.     The  head  displayed  by  this  water, 

like  that  from  wells  in  the  drift,  may  depend  entirely  on  the  height 

of  the  water  table  in  the  drift  deposits  in  the  region  adjacent  to  the 

valley. 

Several  analyses  of  flowing  wells  at  Albion  and  Battle  Creek  have 
been  made.  Those  at  Battle  Creek  are  from  the  prospective  water- 
works wells  and  were  made  at  the  hygienic  laboratory  of  the  Uni- 
versity of  Michigan.  Those  at  Albion  are  from  wells  100  feet  or  more 
deep,  and  were  made  by  Delos  Fall,  of  Albion  College. 

Analyses  of  sandstone  vxUers. 
[Parts  per  mill  Ion.] 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

Iron 

2.5 

8.0 

Trace. 

230 

290 

4.0 

Chlorine..                            .      . 

36.88 

4.5 

4.5 

5.6 

13.2 
33.59 

250 

385 

8.0 

Sulphuric  acid 

Trace. 

H&rtneM 

307 
38G 

293 
309 

293 
305 

243 
232 

230 

ToUl  solids 

310 

M.  Albion.    5-7.  Battl    Civok. 

The  iron  in  the  Battle  Creek  waters  will  stain  crocken^  ware  placed 
under  the  flow.  The  presence  of  the  iron  is  thought  to  lead  to  a 
clogging  of  pipes  by  organic  growths  {Crenothrix^  etc.),  and  keep  the 
supply  below  the  original  estimates  from  flows  made  wlien  the  wells 
were  sunk.  The  hardness  is  largely  temporary  in  the  Battle  Creek 
waters. 

^VATER  SUPPLIES  OF  JACKSON  COUNTY. 

By  Frank  Levereit. 

TOPOGRAPHY. 

Jackson  County,  like  Calhoun,  has  a  large  amount  of  loose-textured 
drift  both  in  moraines  and  in  gravel  plains,  and  also  is  like  Calhoun 
County  in  being  underlain  by  Marshall  sandstone.  In  part  of  Jackson 
County  other  sandstones  of  Carboniferous  age,  which  are  large  water- 
bearers,    overlie    the    Marshall    sandstone.     The    gravel    plains    are 


o  ^Vnn.  Kept.  Stat^  Crcologist  for  1903,  p.  10;i. 
iRB  182— m 10 
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ext€>nsive  in  the  eastern  half  of  the  county,  but  in  the  western  luKj] 
the  ^hicial  drainage  was  restricted  to  channels  running  among 
moraines.  In  the  southwestern  part  of  the  county  sandstone  hilk,1 
rather  than  drift  deposits,  give  the  surface  its  inequalities.  Else- 1 
where  the  knolls  and  ridges  are  principally  of  drift.  Rock,  however,) 
is  within  easy  reach  of  the  drill  all  through  the  county,  and  wet] 
in  rock  are  verj'  common  on  the  farms  as  well  as  in  the  villages. 

About  three-fourtLs  of  the  county,  chiefly  the  northern  and  south- 
central  portions,  is  drained  by  Grand  River  and  its  tributaries, 
Portage  River  and  Sandstone  Creek.  The  southwestern  part  of  the 
county  is  tributary  to  Kalamazoo  River,  and  a  small  area  in  the 
southeastern  comer  to  Raisin  River.  The  drainage  is  thus  chiefly 
toward  Lake  Michigan,  cmly  that  of  the  Raisin  being  to  Lake  Erie. 

Good  wells  are  ordinarily  obtained  at  depths  of  25  to  50  feet,  but 
in  the  sandstone  hills  in  the  southwest  part  of  the  county  they  are 
often  75  to  125  feet  or  more,  and  have  but  little  rise  of  water. 

WATKKWORKS. 

JACKSON. 

The  city  of  Jackson,  with  a  poi)ulation  of  about  25,000,  is  near  the 
geograpliic  e(»nter  of  Jackson  County,  and  is  the  only  town  in  the 
county  liaving  waterworks.     The  plant  was  built  in  1870  and  is 
owned  by  the  city.     The  wells  and  pum|)ing  station  are  in  the  valley 
of  Grand  River,  in  the  south  ]>art  of  the  city,  at  an  altitude  about 
i)3()  feet  al)ove  tide,  and  the  wells  are  distributed  over  a  length  of 
three-fourths  of  a  mile.     The  supj>ly  is  from  twelve  wells  drilled  into 
sandstone  and  ranging  in  depth  from  200  to  400  feet.     Eight  are  10 
inches  and  four  S  inches  in  diameter.     The  water  stands  only  2  to 6 
feet  below  the  surface.     Its  miderground  course  is  northward,  for 
heav}'  drafts  at  the  pumping  station  have  more  effect  on  wells  to  the 
north  than  on  wells  located  in  otlier  directicms  from  the  pumping 
station.     Tlie  wells,  as  stated  by  the  enghieer  of  waterworks,  ar^ 
capable  of  yielding  about  6, 500, ()()()  gallons  a  day  when  siphoned  a* 
a  level  17  feet  l)el()w  the  natural  head,  or  10  feet  below^  the  groimd 
at  th(»  j)um|)ing  station.     The  average  daily  consumption,  however^ 
is  ojily  al)out  2,000,000  gallons,  and  the  highest  less  than  5,000,000 
gallons.     The  temy)erature  of  the  water  in  the  collecting  basin  Novem- 
ber 25,  1005,  was  50°  F.     At  the  pumping  station  arc  two  Holly 
j)uni|)s,  one  with  a  capacity  of  4,000,000  gallons,  the  other  of  8,000,000. 
The  distribution  system  at  the  time  of  the  last  annual  report,  Feb- 
ruary 2S,  1005,  embraced  about  04  miles  of  mains,  with  3,963  taps 
and  504  fire  hydrants.     The  ordinary  pressure  is  00  pounds  per  square 
inch,  and  the  fire  pressure  80  to  100  pounds.     The  cost  of  the  plant 
was  approximately  $500,000,  but  the  precise  figures  are  not  available. 
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tie  income  is  $35,000  and  the  running  expenses,  including  fuel, 
12,000  a  year. 

The  State  penitentiary,  located  within  the  city  limits  of  Jackson, 
ins  a  water  supply  independent  of  the  city  system.  The  source  of 
mpply  for  boilers  is  Grand  River.  For  all  other  purposes  water  is 
Slumped  from  wells  in  sandstone  located  on  the  prison  grounds.  The 
^iOmber  of  inmates  supplied  is  about  700  and  of  free  employees  about 

aoo.« 

S  MISCELIiANEOUS  VILLAGE  SUPPLIES. 

,  Village  supplies  in  Jackson  County. 


Town. 


Derereaux.. 

Tnnctflco... 
QiMs  Lake . 

BanoTer 

Horton 

ISapoleon. . . 

Sonell 


I  Popu- 
lation 
1(1900)., 


i  Eleva- 
tion. 


Source. 


r 

Brooklyn ' 

I 

Clarks  Lake. . . 
Concord ' 


?W1M 

FulMki 1. 

Riv«  Junction  . 
Spring  Arbor..  . 
Ipringport.... 
Waterloo 


56 
534 


125 
648 
378 
250 


Feet. 
d80 

976 
1,010 

995 

1,014 
1,000 
1,122 


I 


420 


964 
980 
942 

983 


±1,094 

I        920 

±1,000 

659  I        990 
50  950 


/DriUed  weUs;  mill 
i    pond. 
Drilled     wells; 

mainly    I  to  m 

rock. 
Drilled    wells; 

Kalamazoo 

River. 
Open  and  driven 

wells. 

Driven  wells 

WeUs  and  lake.... 

Drilled  wells 

....do 


Depth 

to 
rock. 


Feet. 

t+185 
40 
40 


40 


►Driven  wells 

Driven    wells; 

Raisin  River, 
/open  and  driven 

wells 

Drilled  wells 

Driven  wells 

....do 

....do 

....do 


Depth  of  wo  tin. 


From—  To— 


Cfim- 


Depth 

to 
water 


mon. :   bed. 


Feet. 
10 


F€€L    Fe^t.    Feet. 

IW        PiO  40 


22 
60 


20 
20 
80 
50 

7 


80 
25 
30 
30 
20 


m 


85 

210 
75 


m 


m  { 

40 

m 
m 

00 

as 


75 

35 

120 

100 

150 

100 

75 

(iO 

fO 

m 

200 

50 

Head. 


Feet. 
-30 


30  1 
80  /  ~ 
40 


20 


80 
60 
30 


35 
100 


-14 
18 
80 

-35 


Springs. 


Small. 


}    Do. 
Large. 

Small. 

None. 
Small. 
None. 
Lai^. 

~jg  jsmall 

15        Do. 


-20 


Do. 


00 
50 


-2h 
-35 
-20 


80  Nono 
10  ,  Small, 
-argo. 

Do. 

Do. 


FLOWING  WELLS. 

Flowing  wells  are  obtained  at  several  places  in  the  county,  usually 
from  rock,  as  indicated  below. 

J.XCKSON. 

Wells  similar  to  those  at  the  waterworks  are  not  uncommon  in  the 
rity.  Some  of  the  earliest  ones  made  between  1865  and  1885  had 
sufficient  head  to  flow  about  10  feet  above  Grand  River,  ])ut  the  head 
has  been  gradually  lowered  with  the  increased  demands  made  on  the 
wat€r  beds.  The  prospects  for  a  lonj2:-continued  supply,  however, 
are  good,  for  the  lowering  of  head  thus  far  amounts  to  but  a  few  feet, 
and  the  loose-textured  sandstone  in  which  water  is  found  transmits 
it  with  sufficient  rapidity  to  prevent  even  temporary  exhaustion  by 
pumping.     It  is  probable  that  flows  could  be  obtained  along  Grand 


o  Information  furnished  by  tho,  warden.  A.  II.  Annstrong. 
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River  and  its  tributaries  in  the  northern  part  of  the  coanlybT 
tratiiig  liie  Marshall  sandstone,  and  possibly  they  could  be  o' 
in  the  drift  deposits.     So  far  as  known  no  such  wells  have  been 
in  this  vicinity,  though  they  have  been  obtained  to  the  north  In 
cent  parts  of  Ingham  and  Eaton  countieis,  at  Leslie,  OnondagajWi 
field,  and  Eaton  Rapids/* 

The  character  of  the  water  from  this  sandstone  is  excellent.  b«i 
sufficiently  soft,  as  a  rule,  for  laundry  use  or  boiler  uboj  and  fm*  fi 
all  surface  contamination. 


NOHVELL-BBOOKLTN-CLARKS    LAKE    DISTRICT* 


i 


tnch^i 


Flowing  wells  have  been  obtained  on  low  ground  along  Raii 
River  and  its  tributaries,  both  in  Nor^^ell  and  Columbia  town?«hij 
from  near  Norvell  to  Clarks  Lake.  They  are  either  from  sajidi|| 
or  iit  tlie  base  of  the  drift.  f 

The  easternmost  well  noted  is  on  the  farm  of  J.  M.  Homing  in^ 
1 3,  Norvell  Township  (T.  4  S.,  R.  2  EJ .     It  is  on  the  edge  of  a  swiWD 
standing  about  040  feet  above  tide  or  100  feet  lower  than  Mr*  Hot 
ing  s  residence.     It  is  05  feet  in  depth  and  entered  a  blue  rock  jil 
feet  which  yields  a  weak  flow  that  will  rise  4i  feet  above  the  snirfw 

L.  M.  Greene,  of  Brooklyn  ^  has  a  well  41  feet  deep  and  3  tnclii^ 
diameter,  made  in  June,  1902,  which  flows  about  3  fi?«t  ft 
surface.     The  water  is  chalybeate. 

George  C.  (Vreene  has  two  flows  30  and  40  feiH.  deep  which  f-tri 
sandstone  at  29  to  30  feet.     They  petietrate  about  10  fi*i<  of  ^urit 
gravel,  then  a  bed  of  blue  clay,  below  which  is  annther  gPiTi?] 
resting  on  the  sandstone.     They  flow  about  1  gnllon  a  iiiiiiut 
have  a  temperature  of  52"^  or  53^  F. 

At  the  railway  station  in  Brooklyn  a  wr!'  H^  fr^ri  di»i>p  iitrik»« 
stone  near  bottom  and  wat^>r  ri«es  atHfiit      .  i  '    vfUi  IIm 

G,  M,  BarstoWj  of  Brooklyn,  hn^  Ji W       .^^  #1 
1  i-inch  stream  from  a  2 
feet, 

Clyde  Be( 
railroad 
head  of 

Tht'fe 


I 


JA0K>«'>"  •  •    yn 


I  owned  by  Dr.  W.  W.  U:L-  :       — :  -      -  ' '      - 
rcarhin^  i\w  rock.     Ii  i>    i  :--*   -—     -" 

(1  has  a  head  of  7  feet  ab«»\>  "i-  .-^ 

ike,  only  10  feet  from  tht-  -aiT-r  -  -_:  i.— 

nixed  ehiy  an<l  »rravel.  txzA  :ltl  1      — 

(Travel.     A  stri»ngstrea::.  j^.-":.- .  th^T-:^-:.^ 

itli  i»f  tlie  well.     After  tw.   --:^>  -_-  :   -    -  :..  .  :.. 

at  rechieed.  was  re>t«>ri-i  :     ::-  :_    -'•-ur  :. 

»  intt^  the  well. 

'  is  a  flt»w  about  a  mile  -  ■.:*-i  «Lri:    --ti. 

II  runnmir  to  Cement  C::j  I"  --  f::^  -  .  =^ 
westward  from  Grand  K:~vr  :  t  .-  -— .  — 
River,  and  thus  is  on  i'l*  i:-.^-  --t.—  ___  _  _: 
rie.     Tlie  wells  in  Clarki-  LiiK-   -    -,     :  - 

^ater  in  tlie  wells  around  C:iTz:-  L^^-  .-  -^.  :_:. 

the  wells  terminate  ii.  >ii^25-  l-  t:_  t  — 
Icareous  material,  ther*-  i?  s.  ^-.r  lj  t  -    :;.  .—    ;_. 

water  from  the  drift  iilir  :>  atiia-  » .  ^r: 

ng  the  depressions  in  whiri  "l-  zy^-j^-  »-_..  jl*  -si 
ive  a  water  table  in  ihe  drir  via-,  it--     .--  •-• 

wells.     The  following  d^i^  tvsgr^mzi:  j?  •-    ^i^um 
»tained  by  Mr.  Udden  in  l^^ 
.  Beach;  3-inch  well.  61  foei  oer:  -csms-    i     -  .  .- 
b  59  feet;  flow  33  gmOanBA 

Lrd,  sulphurous,  aad 
mm. 
F.  Ijiieb ;  1  J-iijch  wJL 

Ir;  wiitc*r  chulvliettifti 


k> 


■  »r 

er 

lire 

the 

hese 

-^outh 

s  deer 

of  sah. 

Ms  |)lare 

rds  from 

^  -lit  witliin 

i-rf.  witliMut 

•  di>riiurjii:«'il 

■'  |nnl)abli  That 
!  «'nnt:iiiiinL:  -all. 
rv  iu  -urh  -iiliiiity 
I'ln-  <priiiL:  <\\\\  (ii— 
iiricr  llir  rpvt  luM-iu'^r 


:i  Ixiver  and  i?-  TriKiitmir-. 
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WATER  SUPPLIES  OF  WASHTENAW  COUNTY. 
By  Frank  Leverett. 
GKNKRAL  STATEMENT. 

Washtenaw  County,  of  which  Ann  Arbor  is  the  county  seat,  hasi 
great  diversity  of  surface,  ranging  from  the  sharpest  of  moninie 
knolls  to  very  fiat  old  lake  bottom.  A  prominent  morainic  beb 
>nth  accompanying  outwash  gravel  plains  occupies  the  western  range 
of  townships  and  swings  eastward  across  the  northern  edge  of  th 
western  half  of  the  county.  It  is  dotted  with  lakes,  many  of  whick 
are  held  in  deep  basins  among  sharp  knolls.  The  wells  in  this  regioa 
are  often  sunk  to  depths  of  100  feet  or  more.  East  of  this  moraime 
belt  is  a  tract  of  150  square  miles  or  more  in  which  the  surface  ii 
gently  undulating  and  largely  of  loose-textured  till  in  which  wdh 
are  generally  shallow.  This  is  succeeded  on  the  east  by  a  prominent 
morainic  belt  that  nins  from  the  northeast  to  the  southwest  conMT 
of  the  county  and  occupies  a  strip  4  to  6  miles  wide.  In  thisbdt 
wells  are  frequently  100  to  150  feet,  and  occasionally  250  feet  in  depth, 
though  wells  50  feet  or  less  in  depth  are  not  uncommon,  and  in  thi 
southwestern  part  are  generally  shallow.  East  of  this  morainic  bdl 
is  a  sag  which  was  utilized  largely  as  a  line  of  glacial  drainage  outsidi 
or  west  of  a  later  moraine,  known  as  the  Defiance  moraine.  Thi 
wells  are  generally  shallow  along  this  sag.  On  the  Defiance  moraini 
they  fre<iu(Mitly  reach  depths  of  100  feet  or  more  in  the  northeasten 
part  of  t]i(»  county,  hut  are  generally  shallow  from  Huron  River  south- 
westward.  Immediately  east  of  this  moraine  the  lake  plain  setsir 
which  extends  eastward  to  Lake  Erie.  The  elevation  of  its  westen 
edge  is  about  800  feet,  but  drops  to  less  than  650  feet  in  the  south- 
eastern part  of  the  county.  This  lake  plain  is  largely  coverefl  ^"itl: 
gravel  and  sand  in  Y])silanti  Township  and  southward  to  the  count} 
line,  l)ut  is  mainly  clay  elsewhei'e.  The  wells  are  ordinarily  shallot 
on  the  sandy  tracts,  but  on  the  clay  they  reach  depths  of  100  to  iS 
f«»et  in  many  instances,  tliis  being  about  as  difficult  a  region  as  an; 
in  tlie  county  in  which  to  ()})tain  shallow  wells.  It  is  on  the  clayii 
the  southern  part  of  the  county  that  the  flowing  wells  of  part  of  th 
York  district  occur,  whicvh  are  discussed  in  connection  with  those  < 
Lenawee  and  Monroe  counties  (pp.  82-86). 

The  use  made  of  flowing  welLs  in  this  county  is  probably  as  grei 
as  in  any  in  the  State.  Aside  from  the  large  flowing-well  distric 
that  extends  from  York  and  Saline  townships  into  Lenawee  Count] 
then*  are  strong  flowing  wells  at  Ypsilanti  supplying  the  waterwork 
and  at  and  near  Ann  Arbor  supplying  the  waterworks  and  a  fe 
family  wells.  Another  strong  supph'  is  on  the  Steere  celery  fam 
4  miles  south  of  Ann  Arbor,  and  in  the  district  extending  them 
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t.carly  to  Ann  Arbor.  There  are  a  score  or  more  of  flowing  wells  in 
ibe  village,  of  Manchester,  and  a  small  district  with  strong  flows 
aaidway  between  Manchester  and  Chelsea.  In  addition  to  these  as 
Indicated  below  are  scattered  flows  in  valleys  on  low  tracts  at  several 
points  within  the  county. 

Springs  are  a  conspicuous  feature  in  much  of  the  county,  and 
together  with  general  seepage  give  to  the  streams  a  strong  dry- 
'ireather  flow.     The  map  of  the  Ann  Arbor  quadrangle"  shows  the 
«ffect  of  marsh  land  along  the  drainage  lines.     The  head  produced 
by  the  accumulation  of  water  in  the  moraines  causes  a  marshy  con- 
dition of  the  valleys  by  the  continual  seepage,  and  from  the  marshes 
the  streams  are  fed.     The  utilization  of  springs  in  the  vicinity  of 
_Aim  Arbor  has  been  considerable,  and  is  treated  in  the  discussion  of 
the  supplies  of  that  city.     The  springs  are  generally  of  fresh  water 
with  but  little  sulphur  or  iron.     There  are,  however,  a  few  that  are 
I   highly  mineralized  and  produce  a  coating  on  objects  over  which  the 
water  flows.     An  occasional  salt  spring  is  reported.     One  of  these 
gave  the  name  to  Saline  village  and  river;  it  is  located  just  south 
of  the  vUlage  in  the  valley  of  the  river  and  was  a  conspicuous  deer 
lick  and  was  also  used  by  the  Indians  in  the  manufacture  of  salt. 
It  gushed  up  from  considerable  depth  and  built  a  mound  at  its  place 
of  discharge.     A  boring  was  sunk  many  years  ago  a  few  yards  from 
the  edge  of  the  spring  to  determine  if  salt  beds  were  present  within 
convenient  depth  to  mine.     The  boring  was  carried  150  feet  without 
reaching  the  bottom  of  the  drift,  and  the  drillers  became  discouraged 
and  abandoned  it.     Although  only  a  few  yards  from  the  salt  spring 
this  boring  struck  a  strong  flow  of  fresh  water.     It  is  probable  that 
the  salt  water  found  its  way  up  from  the  rock  strata  containing  salt, 
for  the  drift  can  scarcely  be  supposed  to  yield  water  of  such  salinity 
as  this  spring  is  reported  to  have  possessed.     The  spring  still  dis- 
charges but  is  said  to  have  be<K)me  much  fresher  after  the  test  boring 
was  made,  probably  through  the  inflow  of  a  large  volume  of  fresh 
water  opened  by  the  boring. 

This  county  is  chiefly  drained  by  Huron  River  and  its  tributaries, 
but  the  southern  part  is  drained  by  Raisin  River,  and  the  northeast- 
em  by  River  Rouge,  while  a  few  square  miles  on  the  western  border* 
are  drained  by  Grand  River.  The  Huron  flows  through  Dexter, 
Ann  Arbor,  and  Ypsilanti,  and  may  eventually  be  utilized  to  supply 
the  waten^^orks  of  these  places.  The  village  of  Mancliester  may 
take  a  public  supply  from  Raisin  River,  though  the  flowing-well 
conditions  there  are  such  as  to  encourage  development  for  a  public 
supply.  Saline  River,  a  trihutar}-  of  the  Raisin,  may  be  utilized  for 
public  supplies  by  the  villages  of  Saline  and  Mihui,  which  have  not 
^  yet  been  able  to  find  an  adequate  supply  from  wells  to  warrant 

"Obtainable  in  separate /orm  Ironi  tlw  L'nitvi  .States  (Jrologkal  Survey,  ^ihcc,  5  cvjuV*. 
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building  a  waterworks  plant.     Milan  now  has  fire  protection  from 
Saline  River,  the  jmmping  being  done  at  the  electric  light  plant. 

The  supplies  from  rock  in  Washtenaw  County  are  generally  poor 
because  of  the  salinity  of  the  water.  Some  of  the  wells  in  the  soudh 
em  part  of  the  county,  however,  obtain  a  fresh  water  and  so  do  we& 
in  the  northwestern  part,  the  former  from  limestone  and  the  latter 
from  the  Marshall  sandstone.  The  Coldwater  shale,  which  immedi- 
ately underlies  the  drift,  in  a  considerable  part  of  the  county  yields 
very  little  water  and  that  is  usually  salt. 

Wells  that  penetrate  the  black  Devonian  shale  in  the  aoutibBaBtem 
part  of  the  county  often  strike  gas,  in  some  cases  in  amoaBll  suffi- 
cient to  justify  piping  to  dwellings  for  light.  The  gaa  iibJ|k^soiiie 
cases  found  in  beds  of  sand  and  gravel  that  overlie  the  ioc3|l^-.The 
occurrence  of  gas  has  led  to  the  organization  of  a  compaigr-jtp  drill 
in  and  near  Ypsilanti  for  gas  and  oil,  not  only  in  the  Devoid^  shile 
but  also  to  lower  horizons.  Several  deep  borings  have  been  nude 
in  Ypsilanti,  two  at  Ann  Arbor,  and  one  at  Milan,  none  of  which 
found  anything  of  value  but  salt  water  after  entering  the  rock  and 
casing  out  the  fresh  water  found  in  the  drift.  Some  use  has  been 
made  of  the  salt  water  for  baths  at  two  of  the  deep  weUs  in  Ypsilanti 
Water  from  a  depth  of  930  feet  in  the  well  on  the  University  Campus 
at  Ann  Arbor  was  found  to  contain  about  13  per  cent  of  salts  as  fol- 
lows, the  analysis  being  made  under  the  direction  of  Prof.  E.  D.  Camp- 
bell of  the  ITniversity: 

Altai  ysis  ofhrhw  in  ram  pun  my/Z,  Unhrr/iHy  of  Michigan^  Ann  Arhor.» 

iiullion.  ~""  ''^' 


S(Kliuin(Nu) 30.008.98     Sulphato  radicle  (SO4) Il,fi2i^ 

Mngmsium  (Mg) 3, 121. 01 


Calciinn  (Ca) 13.  AM.  07 


128, 805.  C: 


Clilorine  (CI) 70.  ()8G.  G4     Satiiratrd  witli  hydrogen  sulphide. 

ANX  AKHOU. 
GKNKRAL    Sl'PPLIKS. 

The  city  of  Ann  ^Vrbor,  county  seat  of  Washtenaw  County,  an^ 
^eat  of  tlie  State  University,  is  located  on  Huron  River  35  mile^- 
west  of  Detroit.  There  is  strongly  niorainic  topography  in  BJ^^ 
around  the  city,  and  between  the  moraines  are  lines  of  glacial  drail^' 
age  filled  with  gravel  and  sand.  These  deposits  of  gravel  and  saU^ 
lie  above  the  present  river  level  and  rest  upon  beds  of  till.  Well^ 
are  obtained  in  them  at  depths  ranging  from  15  to  80  feet.  NumeX" 
ous  hillside  springs  occur  at  the  junction  of  the  gravel  with  the  undeT 
lying  till,  and  at  the  borders  of  the  moraines.     Several  of  these  springf: 

a  Kx])ri'8sod  by  tinalyst  In  pcn-ontagoii  and  hypothetical  combinations;  recomputed  to  ionic  fons 
and  parts  per  million  at  United  States  Geological  Survey. 


11.  lb  «COUMICM.  MlUVtV 


WATEfl-tUPm.V  PAPER  Na  IM     PL.  IV 


A.    TYPE  OF  DRILLING  APPARATUS  USED  AT  YPSILANTI  AND  VICINITY. 


li.     BONSTEEL  FLOWING  WELL  IN   1902. 

Showing  old  wooden  casing  and  size  of  stream  thirty-two  years  after  its  connpletion.     The  original  flow 

was  a  3i-inch  stream. 
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have  been  developed  and  one  has  been  turned  into  the  waten\^orks 
sup]>ly.  There  are  also  springs  which  appear  to  boil  up  through  the 
till.  In  addition  to  the  natural  supplies  from  the  river  and  from 
springs  the  city  is  favored  with  strong  flo^\4ng  wells,  largely  devel- 
ope<l  by  the  Ann  Arbor  Water  Company,  and  other  supplies  from 
the  glacial  drift  and  its  associated  gravel  and  sand.  Water  from  the 
rock  formations  beneath  the  city  is  found  to  be  brackish  and  not 
suitable  for  drinking. 

FLOWING    WELLS. 

The  flowing  weUs,  so  far  as  developed,  are  in  a  recess  in  a  moraine 
in  the  western  part  of  the  city.  Subsequent  to  the  withdrawal  of 
the  ice  sheet  this  recess  was  occupied  by  Huron  River,  wliich  at  one 
time  flowed  southward  from  Ann  Arbor.  The  river  made  a  deposit 
of  graA^el  and  sand  in  this  recess  in  the  moraine.  This  deposit  has 
been  trenched  by  modern  dramage,  and  the  flowing  w^ells  are  chiefly 
in  these  trenches.  The  shallower  flows  obtain  their  supplies  at  the 
base  of  this  deposit  of  gravel  and  sand  without  entering  till,  but  the 
deeper  ones  pass  on  through  till  to  water  beds  associated  with  it. 

The  supply  for  the  shallow  wells  is  not  entirely  from  water  falling 
on  the  immediate  borders  of  this  recess,  there  being  along  the  ravine 
in  which  they  are  located  several  springs  which  appear  to  rise  from 
considerable  depth,  and  which  may  be  fed  from  sources  more  remote 
than  the  bordering  slopes  of  the  moraine.  Observations  on  one 
spring,  conducted  tlirough  an  entire  year,  showed  a  constant  water 
temperatiu'c  of  51°  F.;  thus  agreeing  very  closely  with  the  tempera- 
ture of  tlie  deeper  flowing  wells.  This  seems  to  indicate  that  the 
water  comes  from  a  depth  suilicient  to  be  unaffected  by  seasonal 
temperatures  and  probably  from  as  deep  seated  a  source  as  that 
which  supplies  the  wells  which  pass  through  till. 

The  wells  first  made  passed  through  till  and  reached  depths  of  75 
to  150  feet,  the  deepest  being  nearly  (h)wn  to  l)ed  rock.  Several 
were  in  operation  prior  to  1S95,  when  the  Ann  .Vi-hor  Water  Company 
began  an  extensive  development  of  the  district.  Some  were  located 
on  the  north  side  of  West  Huron  street,  on  tlie  old  bed  of  Huron  River 
or  in  a  ravine  trenched  in  it.  Others  were  along  a  ravine*  two  blocks 
south  on  the  south  side  of  West  Washington  street.  The  water 
company  has  developed  only  the  latter  strip,  but  by  so  doing  has 
lowered  the  water  table  nortji  of  Huron  street  sufllciently  to  stoj)  all 
the  wells  from  flowing.  The  wells  in  the  same  ravine  with  the  water 
company\s  wells  are  nearly  all  maintaining  a  (low,  but  mucli  less 
vigorous  than  at  first.  When  first  made  they  discharged  several  gal- 
lons a  minute  from  2-inch  pipes,  but  now  oidy  discharge  1  to  2  gal- 
lons a  minute.  The  only  jmyate  wells  now  in  operation  are  one  SO 
feet  deep  on  the  Allmendinger  ])roperty,  a  few  rods  northeast  of  the 
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waterworks  j)iiinpinp;  station;  one  74  feet  deep  on  the  Hiitzel  pnf  ^- 
erty,  a  few  rods  nortli;  and  one  on  the  Lutz  property,  112  feetdeq  • — 
about  one-ei^litli  mile  west  of  the  pumping  station.  Tlie  Allm»  - 
dinf]:er  and  Lutz  wells  siii)ply  fish  ponds  and  are  also  used  fordrink  =-^ 
in^.  The  Ilutzel  is  used  chiefly  for  drinking.  The. head  of  tk  ' 
Ilutzel  well  is  said  to  have  been  22  feet  when  made  about  1894, 
is  now  only  5  feet.  Part  of  this  decrease  is  perhaps  due  to  leak 
around  the  pipe.  The  A  Imendinger  well,  also  made  about  189^ 
is  rej)orted  to  have  had  a  head  of  20  feet,  but  now  barely  overflow 
There  is  some  leakage  in  this  well  which  make^  it  impracticable  I 
get  the  full  head.  Another  we^ll  on  the  same  property  was  so  reduc«dl 
after  the  water  c()mj)any  wells  were  made  that  it  w'as  abandoned.! 
The  head  in  the  l^utz  well  is  only  3  feet,  but  no  data  have  beeil 
obtained  as  to  whether  it  was  once  greater.  There  is  close  sympathyj 
between  the  Ilutzel  well  and  the  water  company's  wells  near  it,  fori 
it  is  stated  by  the  superintendent  of  the  waterworks  that  almost  1 
immediately  after  the  pumps  are  stopped  and  the  flow  of  the  wattf 
company's  wells  shut  off  this  well  increases  its  flow'  about  one-third, 
Temperature  observations  have  been  made  monthly  for  a  year  on  I 
the  Ilutzel  and  Lutz  wells.  The  former  has  been  constant  at  51°  F.; 
the  latter  has  only  ranged  from  50.8°  to  51.1®,  and  this  may  be  due 
to  the  efVect  of  the  atnu)sphere  on  the  escape  pipe. 

WATEUWOUKS    AT   ANN    ARBOR.  I 

The  su])])ly  furnished  by  tlie  Ann  Arbor  Water  Company  was  1 
(livi(l(Ml  for  a  few  years,  from  1  S.St)  to  isOo,  between  Huron  River 
and  a  ^rroup  of  llowing  wells  and  springs  north  of  the  city.  But  a 
])reju(li('e  agniiist  river  water  having  arisen,  the  water  company 
(levelojx'd  another  tract  of  flowing  "wells  within  the  city  limits  and 
thus  made  it  j)ossil)le  to  dis])enso  with  the  use  of  river  water  except 
perlia[)s  ui  limes  wIhmi  the  consum|)tion  is  unusually  great.  It  has 
built  a  second  pumping  station  at  the  wells  inside  the  city  limits? 
and  this  station  it  claims  now  furnishes  about  three-fiftlis  of  the 
su])|)ly. 

A  reservoir  with  a  capacity  of  2,500, ()()()  gallons  was  built  in  co^' 
nection  with  the  lirst  pumping  station  and  stands  about  200  te^ 
above  it  on  the  most  elevated  ])oint  in  the  city  (about  1,000  fe^ 
al)ove  sea  lev(^l);   the  second  station  suj)plies  for  the  same  reservoi^* 
For  ih'o  j)rotection   the  city  has  had  only   the  rcvservoir  pressur^^' 
which  ranged  theoretically  from  about  30  pounds  per  square  inc^^ 
m  elevated  residence  parts  of  the  city  to  100  ])ounds  on  low  grounC^ 
along  Huron  Kiver. 

Th(^  distribution  system  when  the  works  were  put  in  operation  had 
only  14  miles  of  mains,  but  with  the  growth  of  the  city  and  increased 
use  of  the  public  supply  the  mains  have  been  extended  to  about  40 


WASHTENAW    COUNTY.  143 

xxiiles.     Nearly  30  miles  are  of  cast-iron  pipe  from  16-inch  down  to 

^^inchy  and  in  the  remainder  wrought-iron  pipe,  chiefly  2-inch  or 

lees,  is  used.     The  size  most  extensively  used  is  6-inch,  and  the 

smaller  sizes  are  being  replaced  by  this  size.     At  present  there  are 

is  about  2,400  private  taps  and  150  meters  in  use,  which,  together  with 

'water  supplied  to  the  city  and  to  the  university,  called  for  a  daily 

average  supply  in  1904  of  about  1,800,000  gallons.     There  is  an 

occasional  demand  in  dry  seasons  for  3,000,000  gallons  or  more." 

Prof.  I.  C.  Russell,  in  an  examination  made  in  June,  1 905,  for  the 

f  city  council  of  Ann  Arbor,  determined  the  present  condition  of  the 

"Wells  of  the  water  company  as  follows : 

Station  1  (in  Huron  Valley):  One  tank  well  25  by  30  feet,  gravel  bottom,  brick  lined, 
with  four  tubular  wells  in  bottom  (one  2-inch  and  the  others  6-inch),  extending  to  about 
120 feet  from  the  surface  of  the  ground,  which  discharge  into  the  tank  well;  a  collecting 
gdlery  or  trench  which  originally  had  in  its  bed  several  tubular  flowing  wells  60  to  120 
feet  in  depth,  of  which  only  three  are  now  flowing;  one  6-inch  well  100  feet  deep,  from 
irhich  water  is  pumped  for  condensing  purposes  and  then  turned  into  the  city  supply ;b 
one  dug  well,  about  8  feet  deep,  near  the  pumping  station;  two  dug  wells  9  feet  deep  fed 
by  springs  in  a  valley  across  Huron  River;  a  12-inch  receiving  pipe  still  connected  with 
Huron  River.  The  water  pumped  at  this  station  in  1904  averaged  738,356  gallons  daily, 
as  shown  by  the  books  of  the  water  company,  c 

At  station  2  (in  the  western  part  of  Ann  Arbor)  there  are  57  wells  in  use  which  range 
in  diameter  from  2.5  to  8  inches.  About  50  of  these  are  driven  past  a  bed  of  till  into  a 
water-bearing  bed  and  have  depths  of  75  to  150  feet  or  more.  The  remainder  obtain 
their  supply  from  the  surface  sand  and  gravel  at  depths  of  scarcely  30  feet.  Nearly  all 
discharge  into  a  laige  receiving  well  near  the  pumping  station. 

The  manager  of  the  water  company  claims  to  be  able  to  get 
1,700,000  gallons  daily  from  this  supply  and  to  have  averaged 
925,000  gallons  in  the  year  1904.  To  increase  the  supply  at  this 
second  pumping  station,  water  from  White  Spring,  which  issues 
from  a  hillside  just  west  of  the  city  limits,  was  connected  in  1905 
with  the  supply  from  wells.  In  addition  to  the  fifty-seven  wells 
now  in  use  there  are  several  wells  that  are  clogged,  apparently  by 
precipitates  on  their  strainers. 

Means  for  estimating  the  prospects  of  this  supply  are  not  adequate 
enough  to  justify  a  positive  statement.  It  is  merely  known  that 
the  head  in  private  wells  near  by  in  the  same  ravine  with  those  of 
the  water  company  has  fallen  from  about  22  feet  above  the  surface 
to  less  than  5  feet,  and  that  wells  on  adjacent  higher  ground  have 
ceased  flowing.  The  latter  wells,  however,  appear  to  stand  fully  as 
near  the  surface  in  1905  as  they  did  in  1902,  thus  indicating  that 
the  process  of  lowering  is  at  a  standstill. 

•Data  furnished  by  A.  K.  Hale,  manager  of  the  water  eoinpany. 

*  The  original  supply  for  condensing  purx)os(»s  was  <lrdwn  from  Huron  River,  and  tlie  superintendcmt 
of  the  waterworks  states  that  the  intake  pipe  is  still  in  place;  also  that  then>  are  two  other  wells  that 
ro*y  be  drawn  upon  for  condensing  purposes. 

•The  superintendent  estimates  that  90  p<'r  cent  of  this  amount  comes  from  the  tank  well  and  the 
coflcctlng gallery,  and  scaeceLy  10  p<'rcent  from  the  wells  used  for  contlensing  purposes. 
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The  sliallow  wells  supplied  by  water  not  confined  by  clay  or  othff 
iinj)orvioiis  1)0(1  are  reported  to  pass  through  a  few  feet  of  peity 
muterial,  tlieii  fine  sand  saturated  with  water,  to  a  coarser  sand  or 
fine  gravel  at  bottom,  resting  apparently  oh  the  surface  of  thetH 
The  sand  being  rt*latively  slow  to  transmit  water  compared  witk 
tlie  gravel  beneath,  it  aets  virtually  as  a  cover  to  the  water  flowing 
through  the  gravel,  so  that  the  water  working  through  the  gravil 
from  higlier  tracts  to  the  west  has  sufficient  head  to  rise  ui  the  pipa 
and  overflow  wlien  borings  are  sunk  to  it,  just  as  is  done  by  tk 
deeper-lying  water  under  the  till.    . 

The  wells  which  pass  through  till  into  lower  ivater  beds  showse^ 
tions  tliat  differ  widely  in  stnicture,  there  being  in  some  a  consider- 
able thickness  of  water-bearing  material  interbedded  with  the  tOl, 
while  in  others  the  till  is  a  nearly  unbroken  sheet  from  the  surface 
down  to  the  rock.  The  weak  wells  are  at  points  where  the  water 
beds  in  the  till  are  very  thin  or  are  wanting.  The  strong  wells  are 
at  points  where  there  is  a  good  development  of  gravel  or  coarse 
sand  in  the  till.  The  till  itself  is  not  uniform,  the  upper  part  being 
a  soft  adhesive  blue  clay,  while  the  lower  part  is  a  hard  or  partly 
cemented  clay  thickly  set  witli  stones  and  apparently  of  greater  ag? 
than  the  overlying  soft  clay.  Tlie  water  beds  in  wells  140  to  150 
feet  or  more  in  depth  are  interl)edded  with  the  hard  clay  or  lie  at 
the  base  of  the  drift  series. 

AiKihjsfs  of  watir.-The  following  analyses  from  each  pumping 
station  were  made  at  the  chemical  hiboratorj'  of  the  University  of 
Michigan  in  »huu\  IIM);").  under  the  direction  of  Prof.  E.  D.  Campbell: 

Anahjsts  of  nnhrfrom  Ann  AtfMtr  purnpimj  »taiions. 


I'artM  pi* r  million,  i 


Percent  of  totil 
solids. 


CiirlMiTialis  (CO..  .. 
Sulphjites  (SO«)... 

Clilohin'.  ((•]. 

Nitnit.  s  (NO3I 

Ciilcimn  (Cm 

MiiKin'i<iinn  (Mg!.    , 

fcioiliiini  (Nil ' 

rotjissniTii  (K^ 

Silica  (SiO:) 

AlniiiiiJii  (Al.().    . 
FiTric  oxi'U'  (F«i-<>. 


SiM-cific  univity   .   . 
T(»t;il  ^^dIi'Is  l(»"iini| . 


17:>  2 
IH)  *J  . 

;*.7  ; 
.4 

11*)  t; ; 

27.  H  ' 
4  7 

r»  «i 

17 

i.r. 
2.  :i 

4:10  s 

lOINXi 
4'.M.'» 


106  1 
76.8 
85 
.12 

leva 
;».8 

4.2 
4  9 
Hi.  2 
.0 
10 

41.')  I) 
l.UXIti 
4.-1I)  2 


»87 

21.49 

.       .82 

.08 

25  65 

6.16 

1.04 

1  24 

377 

.36 

.52 

.03 

t:S 
U 

100 

100 

^ 

SiimpU.'  No.  1.  Ann  Arl><)r  water  |)uin]>inc  statiitn  No.  1.  known  as  iipixT  st.ition;  composite sjmpl^ 
frnm  all  woils  al  tin.**  Mtalion  Suin]>ti>  No  2.  .Vnri  ArlM>r  water,  puinping  station  No.  2,  betweef 
Wa.shin^tdM  and  Liherty  xtrtN'tM.  knoiin  as  lower  station:  composiio  Siiniplo  from  all  wells  at  tht# 
station  rill'  ^iM'ctro.m-opo  yavono  ti^jit  lor  stmnlhiin  and  hthinni.  .No  nitrites  wcrclound.  The 
<lifIorcr«'('  lH»iwt*<'n  the  total  soliri.s  jound  on  evaporation  and  th(>  total  solids  lii  %H:iumn9  land  2is 
watorof  crystjilli/ati«>n.  in  large  part  duo  to  the  formation  of  gypsum  {CaS()i.2li>0).  Thewatei 
was  clear  when  t'olH'<tod.  liiit  upon  standing  ])Cfanie  cloudy,  owing  to  theeseai)o  of  thcc.rbon  dioxide 
(CO;)  and  the  forni:Ltion  of  calciiiin  CHr))o>)ate  (CuCOj).  Almost  all  the  salts  in  tlio  water  will  form 
scale  in  boilers,  hut  the  water  would  Iw  much  improved  by  snitening  with  sodium  carbonate  (soda 
a.sh),  either  alone  or  In  conjunction  with  uUcium  hydroxide  (milk  of  lime). 
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Sanitary  analyses  have  been  made  at  frequent  intervals  at  the 
liygienic  laboratory  of  the  University  of  Michigan.     The  water  has 
l>een  found  safe  for  drinking,  except  when  surface  water  has  gained 
lacce^  to  the  supply,  and  Dr.  V.  C.  Vaughan,  the  director  of  the 
laboratory  and  dean  of  the  medical  school  of  the  university,  states 
13iat  in  the  twenty  years  since  the  waterworks  has  beien  in  operation 
lie  has  learned  of  no  case  of  disease  that  can  be  referred  to  contami- 
laation  of  this  water  supply.     The  sanitary  surroundings  of  the  shal- 
low wells,  however,  is  such  that  their  use  should  be  discontinued. 

WATERWORKS. 

YPSILANTI. 

The  public  supply  at  Ypsilanti  is  from  a  group  of  flowing  wells 
in  the  Huron  River  Valley  in  the  southeastern  part  of  the  city.  The 
location  seems  an  unwise  one,  since  the  city,  with  all  its  contamina- 
tion by  cesspools,  naturally  drains  past  the  waterworks  plant.  The 
plant  might  easily  have  been  located  above  the  city,  and  thus  have 
avoided  this  chance  for  contamination.  The  wells  are  60  to  80  feet 
in  depth  and  obtain  water  from  gravel  below  a  blue  till.  The  head 
is  sufficient  to  cause  the  water  to  rise  only  a  few  feet  above  the 
surface.  The  wells  made  prior  to  1904  are  situated  around  and  dis- 
charge into  a  large  receiving  well,  from  which  water  is  pumped  to 
a  water  tower  190  feet  above  the  wells  and  75  feet  above  the  high 
ground  in  its  vicinity.  The  supply  from  the  flowing  wells  became 
inadequate  in  1903,  but  new  wells  were  added  in  1904,  which,  by 
heavy  pumping,  yield  enough  to  meet  the  present  demands. 

The  following  section  of  one  of  the  wells  made  in  1904  was  fur- 
nished by  the  driller,  W.  J.  Richards: 

Record  ofvxll  at  YpsUanti  waterworks. 


Thickness.      Total 


Feet.       I  Feet. 

5>urtaco  material 8:  8 

»ani  stony  clay 28  j  36 

'•ravel  with  water,  rather  niudflv 2  ;« 

Hard  stony  claj 4  42 

*jravol  ^rlth  artesian  water 2r»  t>8 


I^iameter  of  well.  8  inches;  cost,  C2.2')  i^t  loot;  flow,  25  gallons  a  niinute;  head  4  fivt  above  surface, 
^'f«i85ftvt  above  tide;  tern  pi*  rat  lire.  51.5°  K. 

It  may  be  thought  thjit  tlie  addition  of  now  wells  from  time  to 
time  may  keep  the  city  su])plied.  The  water  is  chalybeate  and  hard, 
but  is  of  pleasant  taste*.  The  chances  for  contamination  depend  on 
the  protection  offered  by  the  chn^  cover  against  the  access  of  the 
city  drainage. 


I 
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CHELSEA. 

The  water  supply  of  Chelsea  is  from  about  20  wells,  20  to  25  feet 
deep,  arranged  in  an  L-shaped  system  on  a  low  tract  in  the  northoB 
part  of  the  village.  The  wat«r  rises  about  to  the  surface,  but  ii 
jmniped.  Tliis  system  was  put  in  operation  in  1899.  Prior  to  thit 
time  some  G-inch  wells  were  in  use,  which  not  being  properly  pro- 
tected b(^eame  clogged  with  sand.  It  would  seem  wise  to  substitute 
f(»r  the  present  supply  one  outside  the  thickly  settled  part  of  the 
village. 

Several  deep  wells  in  the  village  obtain  supplies  from  rock,  which  is 
stnick  at  00  to  110  feet.  A  village  well  90  feet  deep  near  the  center 
of  the  Imsiness  part  of  town  is  provided  with  a  pump,  and  is  utilised 
extensively. 

The  following  partial  analysis,  furnished  by  M.  O.  Leighton,  of  the 
United  States  (leoh)gical  Survey,  shows  the  character  of  the  city  sup- 
ply at  Chelsea.  The  water  seems  to  be  satisfactory  for  domestic  pu^ 
poses,  but  gives  much  trouble  in  boilers,  and  creek  water  has  been 
pumped  for  this  purpose: 

Partial  anahjitis  of  nrU  water  at  Chdita, 

Parts  per  mlUda 

Color 32 

I  roll  ( F(\) "nioe. 

norinr(n) 12.3    j 

Carhon  (iioxulo  (CX),^ 147.ffl    | 

Sulplmr  trioxidc  (XO;,) , 110         i 

S.  J.  Lewis,  annlyst.     Depth.  IS  feet. 

Vll.LAi;K  sri»PL.IES. 

DEXTKU. 

The  villag(»  of  Dexter  ha.^  no  waterworks  system,  the  residents 
<lej)en(linj^  chielly  upon  shallow  du^r  wells,  so  that  chances  for  contan*- 
ination  are  very  irreat .     These  wells  in  many  cases  are  surrounded  by 
privy  vaults  an<l  stables.     There  are  a  few  driven  wells  in  the  business 
part  of  town  of  shallow  depth — .'^0  feet  or  less — which  are  perhaps  less 
liable  to  contamination  than  the  i\\\^  wells,  though  not  above  suspi- 
cion.    On  the  high  ground  in  the  southeast  part  of  the  village  there 
are  deeper  wells,  two  of  which  have  been  driven  into  the  rock  and 
obtain  a  fresh  supply  said  to  be  from  sandstone.     Inasmuch  as  there 
are  almndant  supplies  of  good  water  both  underground  and  in  the 
st  reams  in  the  vicinity  of  this  village  f nmi  which  a  public  supply  might 
l)e  ol)taine(l,  there  would  seem  to  be  no  sufficient  excuse  for  continuing 
the  use  of  the  shaHow  wells  inside  the  villajre  limits. 
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SALINE. 

Saline  has  no  waterworks  system.  Many  of  the  wells  are  dug  35  to 
>  feet  deep,  but  those  in  the  northern  part  of  the  village  are  shal- 
wer.  There  are  a  few  driven  wells  in  the  northeast  part  about  75 
et  deep  which  are  said  to  strike  water  which  rises  much  nearer  to  the 
irface  than  in  neighboring  dug  wells  40  to  50  feet  deep. 

MILAN. 

There  is  only  fire  protection  at  Milan,  and  some  difficulty  is  found  in 
)taining  a  supply  suitable  for  domestic  use.  Several  wells  are  driven 
'  depths  of  over  100  feet.  There  are  a  few  shallow  flowing  wells  in 
le  low  ground  along  Saline  River  on  the  Monroe  County  side  of  the 
llage,  which  are  discussed  in  connection  with  the  Milan-Cone  flow- 
g-well  district  (pp.  27-29).  The  village  is  a  thriving  town,  and  should 
ive  a  waterworks  system  as  soon  as  an  adequate  supply  can  be  found. 
)ssibly  it  will  need  to  use  river  water,  though  this  seems  a  poor  sup- 
y  except  for  fire  protection  and  sprinkling,  as  the  stream  becomes 
wr  and  foul  in  dry  weather. 

In  the  table  below  are  given  a  number  of  partial  analyses  of  well 
iters  in  the  vicinity  of  Milan,  the  data  being  furnished  by  M.  O. 
jighton,  of  the  United  States  Geological  Survey.  The  waters,  as 
dicated  by  the  percentage  of  COj  are  not  very  hard,  for  in  most 
aters  examined  in  Michigan  it  exceeds  130  parts  per  million.  The 
lalysis  of  the  rock  water  from  the  Whitmarsh  well  is  of  interest  for 
irposes  of  comparison: 


Partial  analyses  of 
[Parts 

u^ell  utters 
por  million.] 

1. 

near  Milnn. 

2.                3. 

19                46 
Traw.       Trace. 
59                21. 2 
121.36  ,       108.87 
185               113 

4. 

5. 

olor 

ron(Fe) 

...          42 

...'          2 

51 

2 

9 

122. 15 

-29 

14 
Trace. 

hloritip  (Cl) 

9 

14 

'arbnn dioxide  (rO»)... 
iulphur  trioxine  (SOo  . . 

94.18 
-20 

64.81 
-29 

Hardness  (as  CaCO^ 

...   +\:vj 

•S.  I.  Lewis,  analyst.     1.  Throop.  depth  116  fppt.    2.  Whitmarsh  (rock),  depth   144  feet.    3.  Whit- 
marsh, depth  412  feet     4.  Ueves,  depth  40  fr-et.    5.  Wardlop,  dcjith  62  feet. 

FLOWINC;  WKL1.S. 


PITTSFIELD   JUNCTION    DISTRICT. 

In  the  old  valley  of  Huron  River  leading  south  from  Ann  Arbor  is  a 
>elt  of  flowing  wells  which  has  its  cliief  development  near  Pittsfield 
unction  (T.  3  S.,  R.  6  E.),  on  the  celery  farm  of  J.  B.  Steere.  Most 
f  the  wells  are  shallow,  the  average  deptli  being  about  2S  feet,  and  the 
reatest  48  feet.  They  usually  penetrate  a  few  feet  of  peat,  beneath 
hich  is  a  bed  of  clay,  apparently  a  lake  or  stream  sedimen t,which  forms 
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tho  cover  to  the  coarser  material  yielding  the  water.     This  clay  i 
limited  to  the  low  part  of  the  valley,  the  borders  of  the  valley  hav 
generally  a  thick  deposit  of  gravel,  which  probably  absorbs  the  rain 
and  also  the  drainage  from  the  bordering  uplands,  and  thus  supp 
the  flowing-well  district. 

Befon*  wells  were  sunk  in  this  valley  strong  springs  gushed  up  ai^ 
few  j)laces,  one  of  the  strongest  being  on  the  celery  farm. 
springs  are  apparently  from  the  same  source  as  the  wells. 

The  iirst  well  in  this  district  was  made  on  the  Steere  farm  in  sec.] 
Pittslield  Township,  in  1S87,  and  there  have  been  about  20  w«l 
driven  by  ilr.  Steere,  16  of  which  are  now  in  operation.  They  ] 
in  depth  from  26  to  32  feet.  Water  rises  in  them  3  to  7  feet  abovet 
surface.  The  wells  are  on  the  divide  between  Huron  and  Saline  riv« 
at  an  altitude  of  about  S20  feet,  the  highest  ground  being  823  fe( 
The  underground  flow  apparently  passes  from  the  district  where  t 
wells  are  located  southwestward  along  the  line  of  glacial  drainage,! 
the  head  decreases  in  that  direction,  so  that  wells  a  mile  southwestfl 
the  celery  farm  lack  2  ft^et  (»f  reaching  the  surface.  The  flows  1 
the  celery  farm  and  Ann  Arbor  are  scattered,  there  being  two  inl 
southwest  part  of  section  9,  on  land  belonging  to  John  Lawrence,  < 
in  the  southeast  part  of  the  same  section  on  the  land  of  F.  Tich 
and  two  in  section  4  on  the  land  of  11.  Schwab. 

Measurements  of  How  were  made  in  August,  1904,  as  given  inl 

table  below.     It  is  the  opinion  of  the  well  owners  that  the  flowi 

slightly  loss  in  dry  seasons  than  in  wet,  but  this  has  not  yet 

verilied. 

]{(itt  <ii  fh))r  ami  UmjHiatHre  of  irtUs  in  PUfMjield  Junction  district. 


LdCMlion. 


'Flow  per'' 
:  minute.  I 


'  Oattont,  '  •/. 

St«'r'n'  well  nl  north  Jioiwv  oast  <-i«lo  of  nunl.  4-iiicli  pijx* i        45       I  ■  .  j 

Sl»M'n'  woll  ;it  iiiMillo  hoiiH.-.  cast  siiic  of  roa«l,  dist-havr'  i>iiH*  l)-hich ■         8.25  i  ^\i 

Stc<^n'  well  at  south  hot isr'.  rust  siilr  of  road,  liischarp*  imi)^  lA-inch '         6       ■,  •■•  1 

Sti-on-  wvll  :it  hulls*'  on  wost  siiU*  of  road,  dix-liarp*  piiK?  I-inrli |         d.25  ,  •*!  j 

St«vn.' well  Jix*  fivi  south\vi'>t  of  .ast-nanu'd  woll.  J'.-inch  iMito I        67.7    '  ^l"i 


St«vn.' well  Jix*  fivi  south\vi'>t  of  .ast-nanu'd  woll.  JJ-inch  j)Ji»o ,        67.7 

Woll  on  w««st  sid«'  i>f  ti-lcry  fi«>ld.  .ViTioli" * 110 

].awn-iiiv  well,  farthi-st  \vt'>t  in  soc.  <».  di>'^liar;r<»  jniH.*  ^-huh 6,76 


n  Abotit  4  font  f  r(tni  this  woll  is  a  J-intli  woll  which  d  raws  from  t  ho  sa  mo  Ivd.  When  both  wwltoflcn^J 
tho  .'{-inch  woll  yielded  \Mi  gallons  and  tho  'J-iiich  4i*  pilli>ns  n  niiniito.  or  a  total  of  IM  gallon^  '^^^^'Si 
woll  whon  the  '}-i;u*li  W(>11  was  closed  flowed  ll()pill«*ii<:.  and  tho  'J- inch  woll  when  the  3-lnch  wsfl  doiB^ 
flowiMl  lii  trillions.  Then'  i.s  thus  a  ^rnin  of  only  liJipilhuis  |M>rniinuto  l>y  the  ad<liUonof  theSMnehinl^ 
Tlios<»  wells  wen^  inoasiinni  l»y  taking  tho  height  «)f  tho  jet  ahove  tho  top  of  tlie  pipe  and  Oftlcolitlilv 
by  tlie  tables  in  Watcr-Siipply  Pajx^r  No.  liT,  pa^fo  !>2.  Moasiin^niout  of  tin*  first  well  in  the  above  Ustvaj^ 
niatio  by  tin;  rate  o{  (low  past  a  wolrovorwhloh  tho  wator  jmsw.'s.  Thoothor  wella  were  all  meamimd  b7 
holding  a  HWjuurt  bucket  uinlor  the  Ptn^am. 

Observations  of  temperature  on  five  of  the  wells  in  this  district  a* 
four  different  dates  show  that  they  are  less  steady  than  the  deepei* 
wells  at  Ann  Arbor,  Ji«  well  as  lower  in  average  temperature.  Itis» 
matter  of  interest  to  know  whether  wells  located  in  a  swamp  have* 
lower  average  temperature  than  those  located  on  dry  groimd,  wher^ 
the  surface  heat  can  more  readily  penetrate  to  considerable  depth. 
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.  V(uriation8  in  wdl  temperature  in  Pittsfield  Junction  district. 


WeU.^ 


Temperature 


June. 


July. 


August.     November. 


Lawrence,  western  well 

Lunrrence,  eastern  well 

Steerc,  well  at  north  house 

ItBere,  well  at  middle  houip 

Steele,  well  at  south  bouse 

Steele,  weU  at  west  side  of  celery  field. 


48.9 

49.8 

50 

49.8 

49.3 


49 

49.8 

50 

49.8 

49 


Of, 

49.4 

50 

50 

49.6 

49 

49.3 


'>F. 


50.8 

50 

49.5 

49.5 

49.5 

49.3 


An  analysis  of  the  water  at  the  north  house  on  the  Steere  celery 
FErm  was  made  at  the  hygienic  laboratory  of  the  University  of 
B£chigan  for  the  purpose  of  ascertaining  its  purity  as  a  water  supply. 

Sanitary  analysis  of  Steere  flowing  weU  near  Pittsfield  Junction. 

Parts  per  million. 

ToUl  residue 296 

Sodium  chloride 7 

Nitrates Trace. 

Nitrites 

Free  ammonia 

Albuminoid  ammonia 

Hardness 


None. 
0.0106 
.025 
178. 57 


SHARON    TOWNSHIP. 


Several  flowing  wells  have  been  obtained  in  the  northeast  part  of 
Sharon  Township  (T.  3  S.,  R.  3  E.)  at  the  eastern  base  of  a  promi- 
nent moraine  that  occupies  much  of  these  townships.  They  are 
chiefly  in  the  recesses  in  the  moraine  from  which  the  headwaters  of 
Mill  Creek  flow.  (See  fig.  18.) 
Several  of  the  wells  have  a  discharge  of  about  8  gallons  a  minute, 

and  one  discharges  more  than  a  barrel  a  minute.     Six  have  been 

fitted  with  half-inch  reducers 

in  order  to  lessen  the  flooding 

caused  by  the  overflow.     The 

deepest   well    reported    is    70 

feet,  and  several  are  about  50 

feet.     The  w^ater  is  hard  and 

strong  in  iron.     Possibly  rock 

is  struck  at  the  bottom  of  some 

of  the  wells. 
This  district  can  probably 

be  extended  westward   along 

the  line  of  Sharon  and  Sylvan 

townships  up  a  valley,  and  pos- 
sibly eastward  a  short  distance  into  the  plain  east   of  this  moraine. 

It  is  probable  also  that  along  Mill  (^reek  Valley  northeastward  and 

along  some  of  its  tributaries  flows   can  be  obtained.      Indeed,  two 

wells  on  tributaries  of  Mill  Creek  have  been  reported  to  ilovs,\>w\. 
iRB  182— 06 // 


J 

/ 

^       1 

1    ^^^ 
10 

iz'« 

Fig.  18.- 


Flowinp  wells  in  Sharon  Township,  Wa.sh- 
tenuw  Connlv. 
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were  not  visited.     One  is  on  the  Spaulding  farm,  2  miles  south 

Chelsea,  and  the  other  on  the  Fletcher  farm,  2 J  miles  southeast 

Chelsea. 

Wdis  at  Sharon. 


Letter! 

on  fig.  I 

18.     i 


Sexv  I 
tion.  I 


Owner. 


When     Dlam 
made.  '  eter. 


A 

1 

A      1 

2 

B      ' 

2 

C      i 

2 

D 

2 

Ea    1 

2 

M.  Kusterer I    1901 

J.Houck j    1900 

do ' 

J.  Meyers 

do I 

F.  Kverett  (house) ; 

F.  Everett  (bam) ! 


Inches. 
2 
2 
2 
2 
2 
2 
2 


Depth. 


Feet. 
70 
&4 


Eleva- 
tion. 


Feet. 
037 
930 


Water  I  Flow  |  Tn 
rises  per  :  pi 
to —    'minute,  tai 


930 
930 


Feet. 
999 
938 
932 
932 
932 
932 


OalU.  I 
8 
8 
8 
8 
8 
75 
75 


a  At  the  time  of  Leverett's  visit  in  1S99  Mr.  Everott  had  two  flowing  wells,  each  dischaigtac  tl 
75  gallons  a  minute  from  a  2-mch  pipe;  in  1904  these  wore  foimd  by  Mr.  Udden  to  be  under oonuol 
supplied  with  faucets.  The  house  well  terminated  bi  gravel,  but  the  bam  well,  which  Is  57  test  ^ 
went  through  2  feet  of  hard  material  at  bottom,  suspected  to  be  Marshall  sandstone.  Sandstone 
reached  in  a  well  li  miles  southeast  in  sec.  7,  Freedom  Township,  at  only  54  feet  depth,  and  peneti 
48  feet,  leaving  no  doubt  as  to  its  identity. 

MANCHESTER   DISTRICT  (t.  4  S.,  R.  3  E.). 

In  the  village  of  Manchester,  on  Raisin  River  in  the  southwest 
part  of  Washtenaw  County,  are  about  20  flowing  wells  28  to  60 
deep,  all  from  the  drift.     The  shallowest  is  on  the  lowest  groi 
but  several  on  the  highest  ground  at  which  flows  are  obtainable  I 
feet  above  tide)  are  less  than  40  feet  in  depth.     The  wells  occiu 
both  sides  of  Raisin  River  at  levels  10  to  25  feet  above  the  strc 
The  oldest  well,  that  of  W.  Brighton,  made  in  1876,  has  been  clog 
and  its  water  now  stands  about  1  foot  below  the  surface.     A 
made  in  1883  is  still  flowing,  but  with  reduced  head.     Wells  n 
in  1884  are  still  flowing  with  about  the  original  strength,  and  so 
most  of  the  wells  made  within  the  past  twenty  years.     In  two  c 
weak  wells  are  reported  to  have  increased  slightly  in  strength, 
flows  range  from  abo\it  1  quart  a  minute  up  to  6  gallons. 

The  water  contains  enough  hydrogen  sulphide  to  be  readily 
tected  by  the  odor  in  most  of  the  wells.  This  is  probably  prodi 
by  the  decomposition  of  pyritiferous  material  in  rocks  include 
the  drift.     Iron  is  also  consi)icuous  in  most  of  the  wells. 

The  catchment  area  for  this  district  is  immediately  north  and  ^ 
of  Manchester,  in  the  gravel  plain  and  morainic  hills,  which  reacl 
altitude  about  100  feet  above  the  highest  flowing  well. 

Very  little  prospecting  for  flowing  wells  has  been  done  in 
neighboring  part  of  Raisin  River  Valley,  but  it  seems  probable 
flows  could  be  obtained  along  the  valley  for  some  miles  below  1 
Chester. 

The  flows  thus  far  have  proved  inadequate  to  furnish  a  w^j 
works  system  in  Manchester,  the  population  of  the  village  being  al 
1,200,  but  it  is  possible,  if  not  probable,  that  large  wells  sunk  to 
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v'ater-bearing  beds  at  35  to  40  feet  might  give  a  sufficient  amount, 
iaisin  River,  however,  furnishes  a  suitable  and  convenient  source 
or  a  public  supply. 

Wdls  at  M€mchester.a 


OwxKr. 

When 
made. 

Diam- 
eter. 

Depth. 

Eleva- 
tion. 

Water 
rise*  to— 

Flow  per 
minute. 

Temper- 
ature. 

Coat. 

?.  J.  Thorn  *      

1901 
1883 
1900 
1886 

"1902*' 
1884 
1800 
1876 
1888 
1890 
1890 

1.25 

2 

1 

1.25 

2 

1.25 

1.5 

1.5 

3 

1.5 

1.5 

1.25 

1.25 

2 

1.25 

2 

2 

2 

2 

2 

Feet. 
20 
37 
38 
60 
40 
36 
40 
40 
38 
57 
40 
40 

40 
35 
38 
38 
28 

40 

Feet. 
890 
887 
898 
807 
807 
802 
894 
804 
895 
807 
897 
802 
892 
888 
892 
890 
900 
900 
885 

890 

Fen. 
891 
890 
809 
.896 
896 
893 
805 
894 
894 
896 
898 
891 
893 
890 
893 
890 
900 
900 
889 

805 

QaUims. 
6 
2 
.75 

1 

.75 
2 

.75 
1 
1 
1 
1 

.75 

.5 
3 

.25 
3 
1.5 

op 

51.5 

51 

52 

52 

52 

51 

52 

51 

52 

52 

51 

52 

52 

$11 

i/ff,  Hn^^p  ' 

22 

IC.Tnub' 

28 

l.W.  Ktef. 

21 

Qennan  Lothentn  Church. 
H.Pfnine 

20 

Q.  Goodyefltr 

20 

Geo.  Rouer 

W .  B  righ  ton  « 

P.P.ltefdlnn 

cllSSrf""^:::::::: 

30 
22 

C.8taebler9 

H.8cheible 

1884 

10 

Ifr  fltiM^hkrf 

52 
52 
52 
52 
52 

52 

Hikliiiger  &  Bowler 

VilHain  N^nblinr 

1806 
1803 

io 

jiuTr.^ ....:::::::: 

Mr  Kemble 

4 

5 

KandKster  Canning  and 
PwMngf'nA 

1902 

40 

•  Data  collected  and  arranged  chiefly  by  Jon  A.  Udden. 

*  Hu  to  be  sand  pmnped  once  a  year.  Iron  present  in  large  quantity;  also  sulphur.  Original  water 
«leTation,  896  feet. 

cOrieinai  water  elevation,  896  feet.    Large  amounts  of  iron  and  sulphur.    Sandy  soil,  6  feet;  biue 
dty,  27  feet:  red  hardpan.  1  foot;  gravel  and  sand.  2  feet. 
'Flow  is  leas  in  dry  weather  than  in  wet.    Iron  and  sulphur  present. 

•  Well  uaed  to  flow  at  surface,  but  has  not  been  properly  caxed  for.  It  was  the  first  flowing  well  put 
down  in  the  town. 

/now  decreased  by  sand  clogging. 
f  Flow  decreased  by  clogging. 

*  Used  for  boilers;  iron  and  sulphur  present. 

.  Below  are  given  a  number  of  partial  analyses  of  waters  from  Man- 
chester, the  data  being  furnished  by  M.  O.  Leighton,  of  the  United 
States  Geological  Survey.  The  deeper  waters  are  considered  satis- 
factory, but  the  shallow  water  at  the  livery  barn  and  elsewhere  shows 
evidence  of  contamination. 

Partial  analyses  of  well  uxiters  at  Manchester. 
[Parts  per  million.] 


Color 19 

Iron  (Fe) Trace. 

Sulphur  trioxide  (8O3) 50 

Chlorine  (CI) 19 

Ctrbon  dioxide  (CO:) I       -W.  92 

Htrdness  (asi  CaCOa^ 1+139 


46 

Trace. 

63 


T 


36 
2.5 
-29 
1.5 
47.93 


S.J.  Lewis,  analyst, 
deptti,  36  feet. 


1.  Livery  bam;  depth,  20  feet.    2.  Freeman  Ilouse;  depth,  TO  fcot.    3.  Dwelling; 


152      WELLS    AND   WATER  SUFVLIES   IK   SOUTHERN    HICHIOAV. 
WATER  SUPPLIES  OF   ALLEGAN   COUNTY. 
By  Frank  Leverett. 
TOPOCJRAPHY. 

Alli^jjtin  County  fronts  on  Lake  Michigan  in  the  third  tier  of  coun- 
ties from  the  southern  end  of  the  Stjite.  It  is  drained  chiefly  by 
Kalamazoo  Kiver  and  its  trihutaries,  but  the  southwestern  part  dis- 
charges through  Black  River  into  I^ake  Michigan  at  South  Havo. 
Tlie  southeastern  part  is  on  the  Kalamazoo  moraine,  but  most  of  iti 
eastern  border  is  a  gravel  plain  that  lies  between  the  Kalamazoo  tnd 
Valparaiso  morainic  systems. 

The  outer  member  of  the  Valparaiso  system  rises  but  little  abova 
the  gravel  plain,  but  forms,  with  the  plain,  a  catchment  area  fori 
flowing-well  districts  west  of  it,  between  its  outer  and  inner  mem-i 
bei-s!  Its  inner  member  traverses  the  central  part  of  the  county 
from  nortli  to  south.  West  of  it  are  sandy  plains  knowU  as  the 
pine  j)lains,  which  cover  about  five  townships.  West  and  north 
of  these  i)lains  is  a  clayey  till  ridge,  which  in  the  south  fronts  on 
Ijake  Michigan,  but  farther  north  bears  away  from  the  lake.  On  ito 
inner  or  northwestern  slope,  in  northwestern  Allegan  and  southweirt^ 
ern  Ottawa  counties,  flowing  wells  have  been  obtained  at  sevenl 
jmints. 

In  the  gravel  and  sand  plains  of  Allegan  County  the  wells  are  of 
shallow  or  moderate  dei)ths,  20  to  50  feet,  but  on  the  moraines  thflj 
fnMjuently  reach  (lej)ths  of  100  feet,  and  occasionally  200  feet  ex 
iii()r(\  though  wells  of  moderate  or  even  shallow  depths  are  not 
unconunon.  The  flowing  wells  in  the  till  plains  are  often  100  feetd 
more  in  depth,  but  usually  wells  that  do  not  flow  are  much  shallower. 
There  an*  very  f(»w  wells  that  have  reached  rock,  the  drift  being froic 
\H)  to  :>()()  feet  or  more  in  depth.  •''"  ' 

WATKRWORKS. 

Then*  are  public  water  suj)j)lies  in  Allegan,  Plainwell,  and  Otsego 
though  the  supplies  at  the  two  last  are  only  for  fire  protection  and 
sprinkling,  private  wells  being  used  for  drinking  and  general  domes- 
tic supply. 

ALLEGAN.  '* 

The  public  sui)j)ly  of  Allegan  is  pumi)ed  from  a  well  on  the  banl 
of  Kahunazoo  River.  It  is  37  feet  deep  and  24  feet  in  diameter 
The  works  were  installed  in  1S72,  and  have  cost  about  $100,000  t< 
(hite.  There  are  1 1  miles  of  mains,  SO  hydrants,  and  about  800  taps 
The  average  consumption  is  about  700,000  gallons,  and  the  jmmp 
hav(^  a  cai>acity  of  :^,000,000  gallons. 

«  Data  collected  l)y  Jon  A.  Udden. 
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OTSEGO   AND   PLAINWELL." 

ch  of  these  villages  pumps  its  public  supply  from  Kalamazoo 
r,  the  water  being  pumped  direct  to  the  mains  with  the  pressure 
1  for  in  the  case  of  fire,  which  at  Otsego  runs  as  high  as  180 
ds. 

MISCELLANEOUS  VILLAGE  SUPPLIES. 

le  data  on  village  supplies  presented  in  the  following  table  were 
ined  chiefly  by  correspondence  with  residents  of  the  respective 

^es : 

Village  swpjUieM  in  Allegan  County. 


Pop- 
ula- 
tion. 


Ele- 
va- 
tion. 


Source. 


2,667 


yn. 


200 
250 

444 


FeeL 

7  660 

|1  710 

789 
661 

703 

I  610  1 

l\63o  ; 


'iWaterworks 
from  driven 
wclla. 

Driven  wells 

do 


augatuck 


ille.. 
ton. 


454 


"! 


fl8 

r 

50 
150 

ns 

1     400 

25 

1 

.^O 

150 

lichmond 

75 

:omer9. . . 
0 

2.073' 

KVM 

1,318 

VNillf' 

100 

ttmk 

on 

707 
25 

and 

619 

672 
734 


640 

727  ' 
740 

712 

837  I 

808 
592 


.do. 

.do. 
.do. 


Depth 

to 
rock. 


Feet. 


170+ 


/592    \ 

\  eo5  i 


/Open  wells 1 

iDriven  wells j; 

Tubular  wells .  ..j 

No  report 

Driven  wells 

Wells  and  stream 

Driven  wells 

do 

do 

do I 

do 


226 


Depth  of  wells. 


From—  To— 


Feet. 


Feet. 


174 
30 

30 


30       60 
16      65 

10  i  220 

5  '  120 


40 
20 


750 

718 


{^l 


do 

Open  and  driven 
wells  and  river.  I 


10  100 

14  IGO 

30  200+ 

25  120 

12  100 


•20 


.do. 


90 
20 


30 


Com- 


Feet. 


20 
20 

(7) 
25 
10 

100-120 
30 


30 
16 
60 


Depth 

to 
water 
bed. 


Feet. 


(«) 


(7) 

25 
(?) 


Head. 


Springs 


Feet, 


{- 


30 


10 
+2-10 

-  4 
6 

(7) 

-  16 

{--  li 

jr-i5or 
I  lower. 


30  1 
40  I 
40 


25 
16 
18 
«}0 


-  20 
Surface 

-  2 

-  C) 

-  8 


30     - 


835  1  Driven  wells. 


600 

720  I 

740 : 

760 


f  740,1 

\  760  r 


.do. 
.do. 

....do. 


42     100 

15  !    50 
45    


(«) 


(«) 
(°) 


30 
-     GO 

(?) 


20-15 

W   {;     3«  }woak. 
20  I      (?)  Do. 


18  I  178 

I 


FI^OWINd   WKLLS. 


WATSC)X-OTSE(}()    DISTRICT. 


50 


lr+ 
1+ 


Do. 


eference  has  been  made  to  the  occurrenee  of  flowing  wells  on  the 
tern  or  inner  border  of  the  eastern  ridge  of  the  Valparaiso 
ainic  system.     There  are  two  districts,  one  lying  north  and  the 


o  Data  from  Manual  of  American  Waterworks. 


154       WELL8    AND   WATEK   SUPPLIES   IN   SOUTHERN   MICHIGAN. 

oilier  south  of  a  prominent  spur  of  morainic  knolls  in  Watson  Town- 
ship (T.  2  X.,  R.  12  W.).  The  northern  district  is  known  as  the 
Wayland,  from  Wayland  village,  which  is  situated  on  it.  This  was 
studied  l)y  Mr.  Bowman  and  is  discussed  by  him  below.  The 
soutliern  district  covers  about  5  square  miles  in  southern  Watson 
and  nortliern  Otsego  townships  (see  fig.  19).  The  location  of  wells 
and  owners'  names  are  from  notes  by  Mr.  Udden. 


Fia.  19.— Location  of  flowing  wells  In  Watson  and  Otsogo  townships,  Allegan  County,  In  relation  to 

topography  and  <lrainage 

Wells  in  W aUon-Otsego  district. 


WATSON    TOWNSHIP. 


Grange  Ilall Sec.  15 

Albert  Taylor Sec.  27 

Mr.  Kitsmuller  (2  wells) Sec.  33 

Charles  Clock Sec.  34 


OTSEGO   TOWNSHIP. 

A.  McEwer Sec  3 

Mrs.  Charles  Edmonds Sec.  4 

John  Krause Sec.  4 

Charles  Moore Sec.  4 

Mrs.  Helen  Dugan Sec.  5 
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The  following  partial  analyses  are  of  two  nonflowing  wells  near 
Watson,  the  data  being  furnished  by  M.  O.  Leigh  ton  of  the  United 
fcates  Geological  Survey: 


Partial  analyses  of  well  waters  near  Watson. 
[Parto  per  million.] 


►Jor 

on  (Fe> 

klorine  (CD 

irbon  dioxide  (COi). 
dphur  trioxidc  (SOi) 
Aidness  (&a  CaCOs) . . 


46 

32 

1.5 

.5 

1.5 

1.6 

134  65 

111.68 

5 

5 

139+ 

131M. 

B.  J.  Lewis,  analyst.    1.  F.  H.  Tefft;  depth,  68  feet.    2.  John  L.  Hughea;  depth,  02  feet. 
WESTERN    PART    OF   COUNTY. 

Mr.  LTdden  reports  that  there  are  scattered  flowing  wells  southwest 
f  Allegan  in  Cheshire  Township,  but  he  did  not  secure  data  on  them. 

It  is  probable  that  flowing  wells  could  be  obtained  along  the  valley 
)f  Kalamazoo  River  and  its  main  tributary,  Rabbit  River,  for  wells 
m.  the  slopes  give  a  head  above  the  level  of  the  valley  bottom,  but 
whether  flows  have  yet  been  obtained  was  not  learned. 

ORAATSCHAP   AREA." 

One  mile  west  of  the  village  of  Graatschap,  in  sec.  2,  T.  4  N.,  R. 
16  W.,  is  a  single  flowing  well  on  the  property  of  H.  M.  Lemmer.  It 
is  on  the  western  slope  of  a  moraine  at  an  altitude  about  65  feet  above 
Lake  Michigan.  The  flow  occurs  near  the  tiny  valley  of  a  short 
unnamed  stream  tributary  to  Lake  Michigan.  The  head  is  only  a 
few  inches  above  the  surface  and  the  flow  1  pint  a  minute.  The  well 
was  drilled  in  1896  and  has  a  depth  of  90  feet.  In  a  branch  of  the 
s^me  valley  a  mile  south  of  Graatschap  the  water  in  tubular  wells  is 
within  a  few  inches  of  the  surface,  and  flows  might  be  secured  by 
trenching.  On  the  east  side  of  this  moraine,  in  an  intermorainic  basin 
between  Graatschap  and  Overisel,  the  water  rises  almost  to  the  sur- 
face in  the  wells.  The  bordering  moraines  are  the  probable  catch- 
ment areas  for  all  these  wells. 


WAYLAND    AREA. 


The  Wayland  flowing- well  district,  in  eastern  Allegan  County, 
comprises  an  area  of  about  30  square  miles  and  is  one  of  the  largest 
in  western  Michigan.  The  flows  occur  near  the  headwaters  of  Rapid 
River,  which  is  formed  by  the  junction  of  three  smaller  streams 


o  By  TvSaiah  Bowman. 
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draining  a  triangular  intermorainic  basin.  It  is  between  the  i 
which  bounds  this  basin  on  the  east  and  the  two  streams  at  t 
of  the  triangle  that  the  flows  occur.  There  are  no  flows  wes 
streams,  the  water  supply  here  coining  from  local  pockets  at  ^ 
depths  in  the  moraine.     The  following  table  is  arranged  roi; 


Fig.  20.— Map  of  Wayland  flowing- well  district,  Allegan  County. 

three  series  followincr  tjie  occurrence  of  the  wells  from  the 
each  of  the  converging  streams  down  the  valley  to  their  con 
The  decrease  of  head  in  this  direction  locates  the  catchment 
the  moraine  lying  east  of  the  wells: 
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S 


\2' 


Owner. 


,V) 

A 

19  1 

L 

20 

M 

-1  , 

M 

29 

L 

21 

K 

29  ■ 

I 

29 

H 

30, 

G 

32 

A 

.12 

B 

n.  Webber.. 
G.  Webber.. 


C.  Ladd .... 
W.Griswold 


30  1 
36  . 

2:  1 


A 
B 
D 
D 
A 
B 
C 
E 
G 
F 
D 
V 

W 

T 
S 
R 

Q 
p 
o 

X 

K 
I 

J 


L.  Morford  . 

do... 

do... 

do... 

.....do... 


.do. 


L.  Shay.... 
J.  L.  Smith.! 


A.  Lohrbexg 

Wm.  Ederlc 

D.  B.  Kidder 

A.  Brogg 

J.  Stceby 

Mr.  Tobin 

M.  C.  Hpyward... 

E.  Smith 

G.  B.  Chambers.. 

L.  A.  Walsh 

J.D.  Stoekdale(4 

wells) 

Wayland  (grist- 
mill^. 

D.  Iluttleston 

D.J.  Sigelor 

A.  R.  Johnston. 

A.  Damoth 

S.  W.  Parker... 
J.  Iluggard 

B.  Famham C.  Yaoklv. . .  1 

C.  Simpkins '  S.  Yaekly. . 

F.  Wlteox 

W.  M.  Buskirk  ...    W.  Brown. 

A.Baker C.  Yaekly.. 

W.  G.  McClintock ,  Brown  & 

.      Brophy. 

do ' do 

Perry B.  Catt.... 

J.  Blair H.  Norton. 

School  district   do 

No.  1. 

I.  A.  Buskirk 

J.  O'Brien 

S.  Pn«slay 

C.  A.  Ovorhf'iscr. .    W.  Brown. 

P.Baker A.  Wohl)or. 

Walter  Bnlmer do 

Wm.  Bulmer do 


Driller. 


1 


When 
made. 


1887 
1884 


1892 
1896 


Depth. 


Eleva- 
tion. 


Water 
rises 
to— 


^et. 

Feet. 

77 

737 

90 

707 

100 

707 

80 

768 

1892 
1892 
1891 
1900 


1896 


1892 
1901 


L.  Morford  . 
S.  W.  Parker 
B.  Catt. 


1896 
1890 


ISOJ 
1895 


50 
80 
173 
33 

178  : 

108 
131 

90  I 
277  I 
130  I 
140  I 

86  ! 


768 
762 
752 
757 


Feet. 
762 
706i 
707 
772 
772 


Flow 
per 

min- 
ute. 


Tem- 
pera- 


GalU. 


op 

51.2 


50.8 


775 
759 
+  1 

+  4 


«! 


1884 
1895 
1883 

1883 
1886 
1887 
1892 

1901 


115 
174 
80 

108 
88 
96 


723 
753 
759 
756 
727 
730 
726 
723 
734 
727 
736 
710 


743 
777 
762 
777 
745 
730 
736 
725 


711 


729 
740 
720 

710 
715 
727 


188.'J 
1S87 
IS87 
1904 


100 
109 
()5 
r>5 


702  i 
702  ! 
702  : 
mi  ; 
709 
709 
709 


706 
708 
708 
697 
708 
708 


52 

50.8 

52 


60.6 
51.2 

51.1 

52.2 
61.1 
61.7 
61.2 


50.2 
53.3 
52 


62 
50.8 


62.2 
63.1 
51,3 
51,2 


narked  and  extraordinary  characteristic  of  the  Wayland  flows 
occurrence  at  greatly  difl'ering  depths  in  each  of  a  variable  suc- 
n  of  clay,  sand,  and  gravel  layers,  and  the  uniform  increase  of 
toward  the  east  of  all  the  flows,  whether  from  slit^ht  or  threat 
1.  The  direction  of  increase  points  to  a  supply  from  the 
lie  on  the  eastern  border  of  the  l)asin. 

lis  at  Wayland  are  driven  at  the  rather  uniform  cost  of  $1  ])er 
The  diameter  of  the  pipe  used  in  nearly  all  cases  is  2  inches, 
vater  is  everywhere  chalybeate  in  character,  most  strongly  so 
?  shallower  w^ells  between  Bradley  and  Wayland.  The  devel- 
nt  of  the  area  began  about  1883  and  has  continued  up  to  the 
it,  so  that  the  limits  of  the  area  are  pretty  closely  defined, 
igh  many  more  flows  could  be  obtained,  especially  in  the 
western  part  between  the  well  of  A.  Lohrberg  and  Hopkins 
n.  Unsuccessful  attempts  have  been  made  to  obtain  artesian 
'  near  here,  but  always  on  the  moraines  near  by  and  at  an 
de  above  the  head  of  the  known  flows. 
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The  inhabitants  of  Wayland  village  are  supplied  from  individual 
wells,  those  which  flow  being  located  on  the  lower  ground  on  the 
north  side  of  the  village.  Not  only  the  health  of  the  inhabit^nU 
but  also  the  proper  protection  of  property  commends  the  instidlation 
of  a  village  water  system  to  which  the  flowing-well  supply  seems 
admirably  adapted. 

Some  of  the  Wayland  well  drillers  maintain  that  the  head  of  the 
wells  is  decreasing,  following  closely  a  reported  lowering  of  the  water 
level  in  the  adjacent  morainal  lakes  attributed  to  better  drainage 
of  the  area  than  formerly.  Specific  data  show  that  such  decrease 
may  with  better  reason  be  referred  to  the  sand-choked  condition 
of  many,  if  not  most,  of  the  wells,  a  condition  depending  on  the  lack 
of  screens  in  so  many  of  the  Wayland  w^elb.  When  sand  pumped 
the  original  head  is  nearly  if  not  quite  resumed.  A  number  of  cases 
of  interference  by  a  second  well  near  the  first  have  been  taken  to 
indicate  a  ver}'^  limited  supply,  but  the  wells  in  question  are  so  near 
each  other  and  both  have,  on  account  of  their  location,  such  a  small 
head  (about  2  feet)  that  the  mutual  interference  is  easily  noticeable, 
an  effect  wliich  is  commonly  present  but  not  noticed  in  wells  of 
greater  head.  Moreover  the  wells  are  shallow  here  and  a  study  of 
the  well  depths  in  the  above  table  shows  artesian  water  doMm'to 
rock  and  beyond,  so  that  no  doubt  need  be  entertained  of  the  ad^ 
quacy  of  a  supply  for  the  village,  if  the  supply  is  drawn  from  a 
considerable  depth. 

Record  of  Wayland  ffrintmill  urll  (see.  31,  T.  i  A'.,  R.  11  W.). 


ThiokneM. 


PtH. 

SurfHC"<*  sand \  15 

riav  with  pcwki'ts  of  Himd 115 

Siindstono 49 


ToUL 


15 
ISO 
178 


Tho  flow  contiiiuoil  from  top  of  wnidstono,  but  tho  wnt<*r  whs  constantly  roiled  by  tho  clay  1 
ubovc  until  a  depth  of  178  fwt  was  n»achod. 


Record  ofS.  W.  Parker  ji owing  weU  (wr.  12,  T.  S  .V.,  R.  IS  W.). 

Thickness. 

Total. 

Siirfacr  sand           

Ftet, 

A 

U 

«2 

5 

130 

^4 

Gray  clay 

15 

Coarse  wat4'r-lK»arlng  sand 

107 

Wfttor  iK'ariniP  oiiartz  era  vol.  with  hoad  of  wat«*r  of  —4  feet 

11) 

Sandstone  with  w^ater  near  bottom 

24S 

•True  hard  rock"  at  242  feet. 
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Record  of  B,  Famham  flowing  weU  {see.  13,  T.  3  N.y  R.  12  W.), 


Thickxiess. 


Total. 


l»y 

fardpan. 


Feet. 


128 
12 


Feet. 


128 
140 


Water-bearing  gravel  at  140  feet. 

Record  qfC.  A.  OverheUer  flowing  well  {sec.  ST). 


Utemate  layers  of  qoickaand  and  clay 

Sardpan 

ifUer-bearing  gravel  and  sand 


Record  of  J,  Blair  flowing  well  {sec.  36). 

ThicknesB. 

Total. 

CUT 

Feet. 
03 
3 

Feet. 
03 

Qti^ 

96 

Record  of  W.  0.  MoClintock  flowing  well  {sec.  24). 

Thickness. 

Total. 

Lown 

Feet. 
4 

Feet. 

4 

GaTel.... 

26 

30 

Bias  day 

75 
2 

1 

105 

QraTel.  :;. 

107 

Hirtpan 

108 

Waterbearing  gravel  at  108  teet. 

Record  cf  D.  T.  SigeUr  flowing  weU  {sec.  7,  T.  3  N.,  R.  11  W.). 


Thickness.      Total 


Sand 

J^n alternating  layers  of  sand  and  clay,  sand  water  bearing  in  wet  seasons  oiily . 

J»y  layers  becoming  thinner  and  harder 

^^«a«e  gravel 


Feet. 


Feet. 


20 
40 
127 
131 


Row  began  at  80  feet  and  continued  to  last  depth  given  except  In  clay  layers. 

The  Grand  Rapids  and  Indiana  Railway  made  a  test  well  near  its 
station  in  Wayland  in  1905  which  penetrated  sand  25  feet,  clay  120 
feet,  sand  10  feet,  sandstone  42  feet,  making  a  total  depth  of  197  feet. 
After  passing  through  the  clay  a  small  flow  was  obtained  in  the 
lower  sand,  but  the  pipe  was  driven  firmly  down  to  the  rock  and  a 
stronger  flow  obtained  after  penetrating  the  rock  a  short  distance. 
The  flow  from  this  well  appears  to  have  lowered  the  head  in  sur- 
rounding wells^  hut  after  Bowing  a  short  time  it  lost  Yvead  uivVJiX  m 
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July,  1905,  the  water  in  it  stands  2^  feet  below  the  surface  of  the 

ground.     The  test  has  therefore  proved  unsuccessful  in  obtaining 

a  strofig  How,  but  by  going  as  deep  as  the  Parker  well  in  sec.  12 

there  is  possibility  .of  an  increase  in  the  supply,  unless  the  sandstone 

proves  too  close  textured. 

Below  are  given  partial  analyses  of  waters  from  drift  and  rock 

wells  at  Wayland,  the  data  being  furnished  by  M.  O.  Leighton,  of 

the  United  States  Geological  Survey.     The  similarity  of  the  two 

is  striking. 

Partial  analyneH  of  vhH  vxUers  ai  Wayland, 

IParts  por  million.] 


Color 

Iron  (Fe) 

Chlorim* 

Carbon  dioxide  (COj) . 

Siilptiur  trloxido 

IIurdno88  (as  CaCOi) . 


24 

19 

—1 

1 

1.6 

1.5 

83.1 

80.02 

0 

0 

13»+ 

1»+ 

8.  J.  Lt'wis, analyst.    1.  A.  H.  Clark  (rockv,  depth,  145  foct.    2:  D.  Stockdale  (drift);  depth, 26 feet. 

WATER  SUPPLIES   OF  BARRY  COUNTY. 

By  Frank  Leverett. 

TOPOGUAPHY^. 

Barry  County  is  situated  north  of  Kalamazoo  County  and  east  oi 
Allegan.  Its  southern  part  embraces  a  reentrant  angle  where  th< 
Kalamazoo  moraine  of  the  Lake  Michigan  lobe  connects  with  tb 
contemporary  moraine  of  tlie  JSaginaw  lobe.  An  elevated  grav< 
plain  stands  in  this  reentrant  angle,  on  which  the  villages  of  Prairie 
ville,  Delton,  Milo,  and  Hickory  Corners  are  situated.  The  moraine 
and  also  the  gravel  plains  are  thickly  set  with  small  lakes  whic 
occupy  depressions  25  to  100  feel  or  more  l)elow  the  surroundir 
land.  Tlu^  moraine  just  referred  to  passes  eastward  along  the  sout 
side  of  Thornapple  River.  A  later  moraine  lies  north  of  the  rive 
and  this  connects  near  the  northwest  corner  of  the  county  with  tl 
Valparaiso  moraine  of  the  Lake  Michigan  lobe.  There  is  an  extei 
sive  gravel  plain  in  the  reentrant  angle  lying  south  of  the  poii 
where  these  moraines  connect,  which  covers  parts  of  Yankee  Spring 
Rutland,  and  Thornapple  townships. 

Wells  are  often  sunk  to  dei>ths  of  100  feet  and  in  some  cases  2C 
feet  or  more  on  the  moraines,  Init  on  the  gravel  plains  water 
obtained  at  about  the  level  of  the  lakes,  or  25  to  50  feet  deptl 
Mr.  Bowman  has  discussed  the  public  water  supplies  of  Ilastinj 
and  Nashville,  which  are  obtained  from  flowing  wells,  and  also 
flowing-well  district  at  Woodland  in  the  northeastern  part  of  tl: 
county  (see  p.  163). 
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WATERWORKS.^ 

HASTINGS. 

The  city  water  supply  at  Hastings,  the  county  seat  of  Barry 
bounty,  is  derived  from  one  bricked  dug  well  18  feet  in  diameter- 
iiwl  20  feet  deep,  and  from  six  4-inoh  wells  55  feet  deep.  Six  4-inch 
pipes  without  screens  have  been  driven  into  the  bottom  of  the  open 
well,  increasing  the  supply.  The  dug  well  is  just  outside  the  pump- 
ing station,  which  is  on  a  terrace  12  feet  above  the  surface  of  Thorn- 
apple  River  and  150  feet  south  of  it,  at  an  altitude  of  788  feet.  The 
driven  wells  are  9  feet  lower,  or  but  3  feet  above  the  normal  river 
level,  being  located  on  a  narrow  flood-plain  strip  on  the  immediate 
bank  of  the  stream. 

The  pumps  in  the  six.  wells  were  at  first  adjusted  to  take  the 
natural  flow  at  river  level  which,  together  with  the  supply  from 
the  dug  well,  was  about  600,000  gallons  daily.  Later,  an  increase 
of  supply  became  necessary  and  the  air-lift  system  was  introduced, 
which,  at  a  pressure  of  26  pounds  to  the  square  inch,  immediately 
increased  the  possible  combined  maximum  daily  draft  on  all  the 
wells  to  1,500,000  gallons.  To  secure  still  further  increase  it  is 
proposed  to  drive,  in  the  spring  of  1905,  six  8-inch  wells  in  the 
bottom  of  the  open  well  in  addition  to  the  six  4-inch  wells  already 
there.  It  is  suggested  that  an  increase  can  be  more  readily  obtained 
with  less  interference  of  flow  in  the  present  well  by  sinking  wells 
some  distance  up  or  down  the  river  instead  of  so  near  the  wells 
already  installed.  The  capacity  of  the  pumps  being  1,500,000 
gallons  daily  and  the  average  actual  amount  pumped  about  400,000 
gallons  daily,  the  desired  increase  is  rather  for  greater  ease  of  pump- 
ing and  corresponding  economy  in  machinery  and  fuel  than  for  any 
real  necessity.  The  present  system  was  established  in  1887.  Water 
is  furnished  to  over  800  families. 

.T^^e  preceding  data  were  furnished  by  F.  W.  Collins,  engineer  at  the 
pumping  station.  W.  E.  Kelly,  fornuT  superintendent  of  the  water 
system,  is  authority  for  the.statenients  which  immediately  follow. 
.  The  materials  penetrated  in  putting  down  the  driven  wells  at  the 
Jljlinping  station  are  as  folhiws:  vSand  and  gravel,  43  feet;  blue  clay 
without  any  admixture  of  sand,  1 1  feet ;  and  at  a  depth  of  54  feet  very 
coarse  water-bearing  gravel. 

There  are  no  screens  in  these  wells,  the  water  entering  through 
J-inch  holes,  of  which  there  arc  al)out  300,  drilled  in  each  pipe.  The 
coarseness  of  the  water-hearing  material  prevents  all  clogging  and 
pernjat;^  the  maintenance  of  the  original  flow. 

The  clay  layer  noted  in  tlu^  section  is  found  from  the  other  well 
records  to  be  persistent.      It  is  ])ut  4  feet  thick  two  blocks  west  of  the 

a  By  Isaiah  Bowman. 


1(>2       WELLS    AND    WATER   SUPPLIES   IK   SOUTHERN    MICHIGAN. 

pumping  station,  in  John  Shay's  39-foot  well,  which  flows  slightly 
at  the  surface.  Near  it  is  another  well,  which  also  used  to  flow  W 
which  has  since  been  capped  and  the  flow  discontinued. 

The  village  of  Hastings  stands  on  a  terrace  higher  than  that  on 
which  the  wells  and  pumping  station  are  located,  thus  naturallj 
bringing  forward  the  question  of  contamination  through  the  surfaee 
drainage  in  the  path  of  which  the  open  well  at  the  pumping  station 
lies.  The  deeper  sources  of  water  beneath  the  clay  are  likely  to  be 
wholesome  l)ecause  of  the  continuity  of  the  clay  layer  above  the 
bed.  The  dug  well  does  not  have  this  particular  kind  of  protectioii, 
but  possibly  it  is  as  well  protected  by  other  means.  Into  it  the 
deeper  water  is  allowed  to  flow,  and,  having  a  head  5  feet  greater  thu 
the  surface  water,  really  keeps  the  surface  water  out  except  the  littk 
that  may  ]>ossibly  enter  through  diffusion. 

The  quality  of  the  water  may  be  seen  from  the  partial  "mineni" 
analysis  made  in  1897  by  the  Viscosity  Oil  Company,  of  Chicago. 

Analynis  of  water  of  HiuHngs  puUie  mtpfiy.a 

Parts  per  mfltai 

Silica 2.« 

Oxides  of  iron  and  aluminum d.9 

Calcium  carU>naU> 124 

Magnesium  carlxinaU* 89 

Alkaline  cart>onaU\s 65tl 

Alkaline  chlorides 5.9 

Alkaline  sulphates 47 

Total  solids 339 

This  is  a  fair  lH)iler  wat<T,  the  percentagi*  of  magnesium  being  a  little  high. 

NASHVILLE. 

Xasliville  is  built  on  a  gently  sloping  terrace  on  the  south  side  of 
Thoriiapple  KiviT.     The  inhabitants   are  supplied  from  individual 
shallow  wells  10  to  20  feet  <lee]),  yielding  hard  water,  and  from  a  vil- 
lage system  drawing  from  w  ells  in  sandstone  more  than  300  feet  deep* 
The  latter  are  G-inch  wells  <lriven  in  1891 ,  the  year  in  which  the  pres- 
ent water  system  was  established.     The  water  supplied  by  the  munici- 
pal system  is  used  for  drinking  purposes  for  a  short  time  only  during 
the  winter.     Its  principal  use  is  for  lawns,  closets,  and  fire  protection- 
The  deep  water  is  artesian,  and  has  a  head  of  30  feet.     It  is  said  to 
contain  a  considerable  quantity  of  magnesium  and  to  be  less  desirable 
for  drinking  purposes  than  the  water  from  shallow  w^ells. 

The  <»apacity  of  the  pumps  is  750,000  gallons  daily,  and  the  actual 
water  pumped  daily  is  about  one-tw-elfth  of  that  amount.  The 
desired  head  is  obtained  by  means  of  a  stand  tower  12  feet  in  diameter 
and  80  feet  high,  with  a  capacity  of  2,200  barrels.  The  above  data 
were  furnished  by  D.  L.  Ilullinger,  engineer. 

a£xi)ros9(d  by  analyst  in  grains  per  gallon;  recomputed  to  parts  per  millioo  at  United  States  Qeolog. 
ical  Survey. 
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MISCEXiIiAXEOUS  VILLAGE  SUPPLIES. 

The  following  data  on  village  supplies  have  been  obtained  by  cor- 
respondence with  the  residents  of  the  respective  villages: 

ViUoffe  suppUea  in  Barry  County. 


Town. 


Popu-  Eleva- 


Uttion. 


AityrU.... 

Carieton... 
Ckrverdale.' 
Cnuey.... 

IMton 

Fneport... 

HMttngs.. 


±100 


Hickory  Corners 
Irving 


lUplegrovi 
Vkldteville 


±200 
±600 

3,172 

±100 


iddteville ,      829 

Voigan I 

UMhTille I  1,164 

OaMevUle I 

PnlTOvlUe I 

Woodland... 


319 


tlon. 


Feet. 
«76 

.  flao 

825 
907 
934 
935 
850 
765 
[  810 
925 
743 
875 
730 
804 

805 


1,000 
r  820 
I    860 


Source. 


lOpena 


and  driven  wells 

do 

Welle  and  lakes 

Driven  welU 

....do 

Open  and  driven  wells 

\ do 

..do 

Wells  and  river 

Open  and  driven  wells 

..VT.do 

Driven  wells  and  lake 

Driven  wells 


Open  and  driven  wells 
Driven  wells 

} Driven    wells,    some 
flows. 


Depth  of  wells. 

Depth 

to 
water 
bed. 

Head. 
Feet. 

From— 

To- 

Com- 
mon. 

Feet. 

Feet. 

Feet. 

Feet. 

20 

8,300 

40 

40 

20 

60 

40 

40 

20 
40 

80 
80 

40 
55 

55 

-40 

14 

40 

30 

30 

-25 

10 

80 

30 

30 

-20 

30 

70 

40 

40 

r+  5 

1-40 

25 

60 

40 

40 

-30 

10 

14 

12 

12 

-10 

40 

60 

40 

40 

-25 

20 

50 

35 

35 

-30 

17 

64 

20 

-17 

15 

306 

25 

25 

/+0 
-10 

40 

80 

40 

40 

-35 

60 

150 

75 

75 

-75 

30 

125 

100 

100 

/+5 
(-30 

Springs. 


Small. 

Do. 
Do. 
Do. 
Do. 
Do. 

►       Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

^Medium. 

Small. 
Do. 

[       Do. 


FLOWING  WELLS.« 

A  few  flowing  wells  have  been  obtained  near  Woodland  station  in 
northeastern  Barry  County.  All  of  the  flowing  wells  in  this  locality 
were  developed  about  twenty  or  thirty  years  ago,  and  data  with  refer- 
ence to  them  are  therefore  extremely  meager.  A  flow  was  first 
obtained  on  the  farm  of  T.  S.  Reisinger  one-half  mile  north  of  Wood- 
land Center,  where  a  2-inch  pipe  was  driven  down  12  feet  into  the  bot- 
tom of  a  spring.  It  is  well  established  that  clay  occurs  from  this  dej)th 
to  58  feet,  where  water-bearing  gravel  was  encountered  which  gives 
the  present  flow.  The  original  normal  static  head  was  1 1  feet  above 
the  surface,  but  has  decreased  to  4  or  5  feet  at  the  present  time.  The 
Well  is  located  on  the  floor  of  the  valley  of  School  Creek,  a  small 
tributary  of  Little  Thomapple  River. 

One-half  mile  west  of  the  above  well  is  that  of  B.  O.  Smith,  which 
was  originally  just  below  the  level  of  the  upland  on  the  southern  edge 
of  the  valley.  The  decrease  in  head  which  this  well  experienced  neces- 
sitated trenching  to  the  valley  in  order  to  maintain  a  flow.  The  same 
method  has  resulted  in  what  is  practically  a  flow  on  the  farm  of  W.  A. 
Greizinger,  across  the  road  to  the  east  of  the  Reisinger  well.  This 
well  was  dug  to  80  feet,  and  on  the  water  rising  to  within  a  few  feet  of 
the  top,  trenching  to  the  barn,  which  is  located  on  the  valley  side, 
secured  a  flow.  One-fourth  mile  north  of  Mr.  Smith's  well  in  the  south 
part  of  sec.  9  and  in  the  same  valley  as  the  three  preceding  wells  there 
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used  to  be  a  flowing  well,  now  no  longer  in  use,  concerning  which 
data  could  not  be  obtained. 

All  the  records  of  dug  wells  and  driven  wells  show  the  persistent 
occurrence  of  a  clay  layer  underneath  10  or  15  feet  of  surface  sand,  and 
it  is  l)elieved  that  flows  could  be  obtained  throughout  the  few  miles  of 
extent  of  School  Creek. 

The  flows  from  the  wells  in  this  valley  are  inconstant,  being  stronger 
in  wet  than  in  dry  seasons.  The  eflFect  of  increased  precipitation  b 
felt  within  a  few  days. 

Two  miles  west  of  Woodland  Center,  on  the  farm  of  Mr.  Homer  in 
the  valley  of  another  small  tributary  of  Litte  Thomapple  River,  a  wdl 
200  feet  deep  used  to  flow  about  a  pint  a  minute,  but  the  flow  has 
ceased  and  the  well  is  at  present  pumped. 

The  catchment  area  of  the  wells  in  this  district  includes  but  a  few 
thousand  acres,  and  in  no  field  is  loss  of  head  more  clearly  due  to 
waste  of  water.  Although  the  wells  have  been  cleaned  repeatedly  the 
original  head  is  not  resumed  and  the  supply  is  steadily  falling  off. 
The  enforcement  of  the  law  limiting  the  flow  of  water  in  artesian  wells 
would  conserve  the  supply  to  the  advantage  of  present  as  well  as  future 
well  owners  in  the  valley. 

WeUs  in  Barn/  County. 


Owner.  Doplh.    Diain-    Klova- '  p        !  oritri 


ctor.        tion. 


Head.         j 

Tem- 
pera- 


onl.    ;    nal. 


Flow  per 

,  minute. 

Quality.  , 


Prea- 
ent. 


°,S'- 


Feet.      Inches      Fret.       Frit.  '   Feet.  \     ° F.     \  [Oallom.^  Gallon 

J.  .S.  H<-isiiipor n)  2  sjo  ;       f4.     -t-ll  I      51.5     Iron II 

JJ.  (>.  Smilh .■>.-)  J  S2r*         -»-4        -f-10        (?)      I. ...do..  2        * 


WATER    SUPPLIES    OF    EATON    AND    INGHAM 
COUNTIES. 

Ry   ISAIAII    BoWM.VN. 

c;i:ni:ual  stati:3ii:xt.'^ 

The  greater  part  of  those  rounties,  whirli  stand  in  the  third  tic 
from  the  south,  ahout  midway  betwcMMi  the  eastern  and  western  boi 
dors  of  {ho  vState,  were  examined  in  ])art  l)y  the  writer,  but  the  north 
ern  portions  were  reported  upon  by  Doctor  Lane  in  the  discussion  o 
the  rei]:ion  around  liansing  (pp.  170-175),  the  city  of  Lansing  being  ii 
the  northwestern  part  of  Ingliam  (■ounty.  E.xcept  for  a  few  squar 
miles  in  the  southeast  corner  of  Ingham  County,  which  are  tributar 
to  Huron  River,  and  for  the  southern  edge  of  Katon  County,  which  : 
tributary  to  Kalumazoo  River  through  Battle  Creek,  Eaton  an 
Ingham  counties  lie  within  the  drainage  of  Cirand  Kiver,  much  of  tt 
iormcr  bcin^;  tributary  to  Thornapple,  and  much  of  the  latter  to  Cedi 
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r.  The  drift  in  these  counties  is  of  moderate  depth,  so  that  wells 
arly  every  township  have  reached  the  underlying  rock.  Water 
lies  are  good  both  in  the  drift  and  in  the  rock. 


WATERWORKS. 


EATON    RAPIDS. 


ton  Rapids  is  located  on  the  low  ground  adjacent  to  Grand 

r  in  the  southeastern  part  of  Eaton  County.     The  municipal 

and  pumping  station  are  in  the  southwestern  part  of  the  village 

the  Michigan  Central  Railroad.     The  supply  is  derived  from 

-inch  wells  60  to  75  feet  deep.     The  normal  static  head  of  water 

18  inches,  the  drafted  head  —  10  to  —25  feet.     Elmer  Strope,  of 

►n,  Mich.,  who  has  drilled  many  wells  at  Eaton  Rapids,  gives 

Following  generalized  record  of  material  penetrated  in  sinking 

(  at  this  place: 

Generalized  section  at  Eaton  Rapids. 


id  and  gravel  with  no  water 

liie  sandstone:  water  bearing 

ick  shale 

sdy  shale 

iter-bearing  sandstone,  colored  blue  when  dry 


Thickneis. 

ToUl. 

Feet. 

Feet. 

28 

28 

20 

48 

50 

98 

74 

172 

12 

184 

lie  waterworks  wells  get  water  from  the  upper  sandstone  (No.  2 
he  section) ,  but,  being  on  higher  ground  than  the  village,  go  deeper 
their  supply. 

n  the  village  there  are  several  flowing  wells  with  a  head  of  20  to 
feet  and  yielding  a  strong  flow.  The  shallowest  are  30  to  35  feet 
-P,  but  the  usual  depth  is  about  175  feet.     The  deeper  water  is 


S 


ir~inn 


1000  1500  ?ooo  feet 


Fig.  21.— Plat  of  Eaton  Rapids,  .showing  distribution  of  flowing  wells. 

h  harder  than  the  shallower  supply,  and  the  latter  is  preferred 
sidents.  The  principal  flowinj^  wells  of  Eaton  Kapids  are  those 
)  Fred  Mendell,  (2)  Geor<re  vStrunk,  (3,  4,  and  5)  city,  (6)  Arcana 
house,  and  (7)  Mrs.  U.  Arnold.  The  numbers  refer  to  ftg^.  7.\, 
IRB  182-W — 12 
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An  analysis  of  the  public  water,  made  in  1898  by  Prof.  R.  tj 
Kcdzio,  of  Lansing,  gave  the  following  results: 

Analysis  of  public  water  at  EaJUm  Rapids.^ 


Parte  I 

Silica  (SiOo) 1.III 

SiMliuin  (Na) U.25| 

Majjni'sium  (Mg ) 18.14  1 

Calciiini  (Ca) fi2.161 

Chlorine  (CI) 17.32  I 

Carhonatv  radicle  {Vi^^^) 1317$  ^ 

Sulphate  radi<Io  (SO4) 5.04 

mio 

Hardness.  l)y  soap  test .  totai 214.29 

Temj^orar)'  hardn(*ss 100 

rernument  hardness 114.29 

The  water  contains  no  iron  of  alumina.  It  is  clear,  bright,  and 
(lostituto  of  taste  and  odor. 

The  capacity  of  the  pumps  is  1,500,000  gallons  daily,  the  average 
amount  pumped  hein<z:  1 4. 5, ()()()  gallons.  The  water  is  forced  intoi 
stand  tower  14  feet  in  diameter  and  100  feet  high;  4J  miles  of  dis- 
tributin^r  nuiins  convey  the  water  to  all  parts  of  the  village,  giving 
adecjuate  fire  protection.  Tlu^  present  system  was  established  in 
1S9S  at  a  total  cost  of  .?2r),0()().  About  300  families  use  the  public 
water,  althou<^li  tliere  are  but  250  taps  installed. 

The  present  supply  is  not  sufficient  during  the  driest  summer 
months,  when  the  head  of  water  falls  off  appreciably,  indicating  that, 
altlioii^di  in  rock,  the  water  is  locally  supplied.  The  remedy  seems 
simj)h\  how(»ver.  More  wells  installed  along  Grand  River  or  Spring 
liro(>k  on  consi(hTably  lower  ground  may  fairly  be  expected  to  meet 
any  chMuand  ever  made  on  them.  This  position  would  have  the 
added  advantag(»  of  allowinjj:  suction  nuich  below  the  normal  he^d 
instead  of  above  it,  as  is  the  case  at  present,  during  the  summer 
months. 

(  llAKLOTTE. 

Cluirlot te  is  in  the  center  of  Katon  County,  18  miles  southwest  of 
Lansing.  The  pumping  station  is  on  the  north  bank  of  Battle  Creek 
and  about  a  mile  south  of  the  center  of  the  town.  The  slope  of  the 
surface  is  very  gently  toward  the  creek. 

The  water  supph'  in  present  use  is  obtained  from  five  tubular 
wells  !)()  feet  deep  and  6  inches  in  diameter.  The  nuiterial  in  which 
the  water  occurs  is  a  coarse  gravel,  which  begins  about  30  feet  belov 
the  surface;  above  it  is  quicksand  and  ordinary  sand,  there  beinj 
no  marked  division  betw^een  the  different  materials.  The  wate 
stands  at  the  level  of  the  surface  of  Battle  Creek,  and  the  catchmen 

o  Expn^ssi'd  t)y  analyst  In  grains  per  gallon  and  hypothetical  combinations;  recomputed  to  loni 
form  and  parts  per  million  at  United  States  Qeological  Survey. 
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•ea  is  probably  the  bordering  gravel  plain.  The  drafted  head  is 
luch  below  the  static  head,  and  in  consequence  the  water  is  practi- 
aJly  pumped  from  the  creek  into  the  mains,  with  this  favorable 
ifference  that  in  the  100  feet  between  wells  and  creek  the  water 
B drawn  through  sand,  which  acts  as  a  natural  filter.  The  dredging 
low  in  progress  in  the  creek  will  result  in  lowering  the  water  level 
md  greater  difficulty  in  securing  an  adequate  municipal  supply. 

The  wells  now  in  use  were  sunk  in  1886  and  yielded  at  that  time 
1,500,000  gallons  daily,  but  the  present  daily  supply  of  400,000  to 
150,000  gallons  taxes  their  capacity.  To  increase  the  supply  and 
it  the  same  time  the  ease  of  pumping,  the  village  is  constructing  a 
large  open  well  20  feet  in  diameter  and  30  feet  deep.  The  curb  is 
built  of  cement  blocks  and  is  being  gradually  sunk  by  lowering  the 
foundation.  Into  the  bottom  of  the  well,  when  completed,  will  be 
nink  two  10-inch  wells.  Great  difficulty  in  lowering  the  curb  has 
been  experienced  through  the  inflow  of  water  and  quicksand  at  a 
lepth  of  20  feet.  The  plant  was  built  in  1886  at  a  cost  of  $40,000. 
Length  of  mains  about  12  miles,  supplying  all  but  the  outskirts  of  the 
city.  V 

An  analysis  of  Charlotte  water  was  made  in  1903  at  Ann  Arbor  by 
Dr.  V.  C.  Vaughan,  of  the  University  of  Michigan,  with  the  following 
results: 

Analysis  ofCharhtie  public  waUr  supply. 

Tarts  per  miUlon. 

Total  residue  after  evaporation  at  110**  C 384 

Fixed  residue 231. 2 

Loss  on  ignition 152.  8 

Chlorine 8. 43 

SO, [ 0 

Free  ammonia .  023 

Albuminoid  ammonia .  032 

Nitrates  as  NjOj Slight  trace. 

Nitrites  as  NjO, Slight  trace. 

Hardness 198.43 

No  visible  development  of  germs  in  twenty-four  hours,  hux'ulation  negative.  Color, 
clear;  odor,  none;  reaction,  alkaline.     No  evidence  that  the  water  can  cause  disease. 

^Vhile  the  analysis  shows  the  water  in  j)resent  use  to  be  pure,  the 
sewer  mouth  draining  the  entire  filth  of  tlie  village  was  heedlessly 
located  but  73  feet  downstream  from  the  center  of  tlie  group  of  wells, 
and  may  very  seriously  affect  the  quality  of  the  water.  There  seems 
absolutely  no  good  reason  why  it  should  not  have  had  its  outlet  a 
quarter  or  even  half  a  mile  farther  downstream,  entirely  out  of  danger 
listance.  With  a  strong  draft  at  the  pumping  station,  there  nmst 
)esome  danger  from  the  sewer,  even  though  the  mouth  is  downstream 
rom  the  wells,  to  say  nothing  of  the  conse([uences  should  an  unob- 
erved  leak  be  formed  north  of  the  j)umping  station  and  in  the  direct 
ne  of  drainage  toward  the  wells.  This  is  a  condition  that  should 
e  remedied  as  quickly  as  possible. 
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MASON. 

Mason,  the  coiinty  seat  of  Ingham  County,  is  located  about  12 
miles  south  of  Lansing.  The  waterworks  pumping  station  is  on  the 
east  side  of  Sycamore  Creek,  in  the  northern  part  of  the  city.  The 
supply  is  derived  from  five  flowing  wells  150  feet  deep  and  6  inches 
in  diameter.  The  flow  from  the  wells  is  sufficient  to  keep  the  pumps 
supplied  with  suction.  The  water  flows  from  a  sandstone  formation^ 
beginning  40  feet  beneath  the  surface  and  extending  to  200  feet.  It 
appears  more  porous  with  increasing  depth,  yielding  a  copious  flow 
at  180  feet.  During  1903,  37,500,000  gallons  were  supplied  to  the 
city.  There  are  only  323  taps  installed,  but  about  350  families 
actually  use  the  water.  Pressure  is  seciu'ed  by  means  of  a  stand  tower 
100  feet  high  and  16  feet  in  diameter.  The  plant  was  established  in 
1891  at  a  cost  of  $33,650.  It  is  operated  in  connection  with  the 
electric  light  plant,  the  whole  being  superintended  by  R.  E.  Darling. 

There  are  several  flowing  wells  in  the  city  owned  by  privat^e  parties. 
They  are  along  or  near  Sycamore  Creek,  or  on  the  lowest  ground. 
Like  the  public  wells  they  obtain  the  flow  from  sands^ne. 

FLOWING  WBIXS. 

CHARLOTTE   DISTRICT. 

Four  miles  west  of  Charlotte,  in  sec.  9,  T.  2  N.,  R.  5  W.,  is  a  snuJl 
group  of  flowing  wells  on  a  southern  tributary  of  Thomapple  River. 
They  are  located  very  near  the  head  of  the  tributary  known  as  Bakers 
Drain,  the  main  drainage  line  of  a  flat  intermorainic  area,  bordered 
on  the  south  by  low  hills  which  form  the  divide  between  the  Grand 
and  Kalamazoo  river  systems. 

The  flows  are  obtained  in  gravel  at  a  depth  of  25  to 40  feet.  Above 
the  gravel  is  hardpan  and  clay.  The  surface  material,  a  sandy  soil? 
is  5  or  0  feet  in  depth.  None  of  the  flows  are  strong,  the  head  being 
from  several  inches  to  several  feet  above  the  surface,  which  has  ^^ 
altitude  of  approximately  860  feet.  The  area  has  been  fairly  weB 
developed  and  can  not  be  extended  much  farther.  The  water  i^ 
moderately  hard  and  contains  a  small  percentage  of  iron.  The  fol' 
lowing  detailed  descriptions  are  given: 

A.  Owner,  Frank  Baker;  drilled  in  1888  by  Shaw  &  Tice 
diameter,  H  inches;  depth,  42  feet;  head  a  few  inches.  The  flo^ 
was  not  suHicient  to  supply  the  amount  of  water  required  and  the 
well  is  now  pumped  by  a  windmill. 

B.  Owner,  Ijewis  Young;  drilled  in  1904  by  J.  B.  Mount;  diametei 
IJ  inches;  depth,  23  feet;  flow,  3  gallons  a  minute;  temperature 
50.3°  F.;  head,  4  feet.  The  original  head  was  said  to  be  7  feet.  It 
is  reported  that  when  a  small  lake,  called  Lazy  Lake,  1  niile  west  ol 
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the  well,  was  lowered  3  feet,  the  head  of  the  well  fell  a  corresponding 
distance. 

C.  Owner,  E.  E.  Bosler;  drilled  by  J.  B.  Mount;  diameter,  2 
inches;  depth,  23  feet;  head,  4  feet;  flow,  8  gallons  a  minute;  tem- 
perature, 50.8°  F. 

A  flowing  well  about  30  to  35  feet  deep  was  made  in  1897  in  the 
lowland  in  sec.  5,  northeast  of  Charlotte,  on  the  farm  of  Eugene 
Thomas.  It  struck  rock  at  30  feet  and  obtained  a  sulphurous  soft 
water.  Data  were  furnished  by  the  driller,  Elsa  Wells,  of  Charlotte, 
but  the  well  was  not  visited.  The  occurrence  of  another  flowing 
well  in  or  near  the  north  edge  of  Charlotte  was  reported,  but  not 
verified. 

BISMARCK-ROXANA   DISTRICT. 

The  flows  of  this  area  occur  in  the  broad,  gently  undulating 
till  plain  on  the  divide  between  Grand  and  Thornapple  rivers  in 
northwestern  Eaton  County.  They  are  in  close  association  with  the 
drainage,  being  found  only  in  the  low  ground  adjacent  to  streams. 

In  sec.  25,  T.  4  N.,  R.  6  W.,  is  the  well  of  John  Childs:  Depth,  26 
feet;  diameter,  2  inches;  head,  5  feet;  altitude  of  surface,  930  feet; 
flow,  10  gallons  a  minute;  temperature  50.2°  F.  This  well  was  drilled 
in  1879  by  James  Phillips.  The  water  flows  from  a  sandy  layer 
which  is  overlain  by  clay  to  the  surface.  The  water  is  strongly 
chalybeate. 

In  the  village  of  Bismarck  are  at  least  a  half  dozen  wells,  drilled 
many  years  ago  and  now  no  longer  flowing  on  account  of  clogging  of 
the  screens.  Two  wells,  owned  by  W.  R.  Brown  and  Daniel  Ferris, 
are  still  flowing.  In  each  the  depth  is  40  feet;  head,  2i  feet;  flow, 
one-sixth  gallon  a  minute,  and  temperature  52.5°  F.  The  flows  in 
all  of  the  wells  are  said  to  vary  with  the  seasons. 

In  sec.  25,  Roxana  Township,  are  the  flowing  wells  of  Charles 
and  Sylvester  Edgel:  Depth,  50  feet;  diameter,  2  inches;  altitude, 
970  feet;  head,  2i  feet;  flow,  12  gallons  a  minute;  temperature,  50.8° 
F.  The  water  is  strongly  chalybeate  and  occurs  in  the  same  material 
as  at  Bismarck.  The  area  of  flow  is  restricted  to  a  depression  of 
several  acres. 

LESLIE    DISTRICT. 

The  village  of  LesUe  stands  in  the  valley  of  Hunton  Creek,  in 
Leslie  Township  (T.  1  N.,  R.  1  W.),  in  the  southern  part  of  Ingham 
County,  and  has  a  population  of  about  1,100.  There  are  20  flowing 
wells  in  the  village,  ranging  in  depth  from  100  to  217  feet,  the  average 
depth  being  about  160  feet.  These  wells  are  owned  by  individuals 
and  furnish  nearly  all  the  water  used. 

The  large  percentage  of  sulphureted  hydrogen  in  the  flowing 
water  at  this  place  gives  the  water,  after  standing  some  time,  an 
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unploasant  taste,  so  that  few  families  use  the  public  supply  for 
drinking.  Tlio  unpleasant  quaHty  is  still  further  enhanced  through 
taste  imparted  l)y  the  tar  with  wliich  the  water  mains  are  smeared 
inside  and  out.  The  water  is  used,  however,  by  about  60  families 
for  lawn  sprinklinj]^  and  toilet  purposes.  It  is  extremely  hard  but  is 
made  nuich  softer  hy  boiling. 

The  necessary  fire  protection  is  secured  through  a  public  wat«r 
system  which  includes  lU  miles  of  mains.  It  was  established  in  1S98 
at  a  cost  of  $10,000.  The  nmnicipal  wells,  2  in  number,  are  180 
feet  deep  and  6  inches  in  diameter.  H.  C.  Yerby  suppUed  the 
following  well  record: 

Hecord  of  untenix)rJcs  well  at  Ledie. 


Sandy  soil 

Sand  and  pravt'l,  water  Ix'arinjr  Iwlow  10  f«M»t 

liliio  {-lav 

"  Slatf  r(K-k  " 

"Sand  i-(H'k.'  very  ixjroiis  and  wliitc  at  luwtoni  of  woi 


Thickness. 

ToUi. 

Feet.   ' 

FeO. 

81 

S 

12  . 

» 

15  , 

» 

65  ' 

w 

80  ' 

m 

The  avcMat^c  daily  amount  pumped  is  1,700  barrels.  The  necessary 
head  and  pn\ssurc  is  obtained  by  means  of  a  stand  tower  14  feet  in 
diameter  and  SO  feet  hiii;li,  with  a  tank  havinjij  a  capacity  of  2,300 
barrels. 

The  orit^inal  head  of  the  flows  at  Leslie  was  10  feet  above  the 
surface,  hut  at  present  it  is  not  more  than  6  feet.  The  flow  is 
aj)|iarcntly  a  fleet  cd  hy  the  seasons,  hein^  reported  as  considerably 
less  in  th(*  dry  summer  months  than  during  the  remainder  of  the 
year.  The  (lows  are  also  said  to  he  stronj^er  at  night  than  in  the 
daytime.  From  '>  to  9  j).  m.  when  the  ])umps  are  in  most  steady 
operation,  the  flow  in  adjacent  wells  is  appreciably  decreased. 

WATER  SUPPLIES  OF  LANSING  AND  VICINITY. 

By  A.  (\  Lane. 
c;eoi^)c;y. 

Lansing  and  its  vicinity  are  wholly  underlain,  at  no  great  depth, 
by  the  coal  measures,  so  that-  wells  may  readily  reach  and  draw  their 
supply  from  the  sandstones  of  that  horizon.  In  fact,  the  two  prin- 
cipal streams,  Grand  River  and  its  large  tributary,  the  Cedar,  are 
rock  bottomed  a  good  part  of  the  way,  as  appears  not  only  in 
comparing  the  sections  of  the  drift  show^n  by  wells  with  the  depth  of 
the  valleys,  but  in  outcrop  and  excavation.  At  Grand  Ledge  the 
river  flows  through  a  sandstone  canyon  40  feet  deep  for  a  mile  or 
more.  At  Lansing  the  bridge  abutments  and  those  of  Piatt's  dam 
are  upon  bed  rock. 
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Up  Grand  River  near  Dimondale,  in  sec.  25,  T.  3  N.,  R.  3  W.,  a 
indstone  quarry  was  at  one  time  opened.  Also  up  the  Cedar,  in 
5C.  28,  T.  4  N.,  R.  1  E.,  shales  of  the  coal  measures  are  exposed, 
nd  at  one  time  coal  was  taken  from  the  river  bed.  The  first  rock 
{truck  is  generally  a  water-bearing  sandstone.  Consequently  the 
Doajority  of  the  deeper  wells  enter  the  sandstone.  Others  are  merely 
dug  down  to  gravel  at  ground-water  level. 

PHYSICAL.  CHARACTERISTICS. 

CHARACTER   OF   THE   DRIFT. 

Because  of  the  abundant  supply  of  water  from  the  rock,  drillers 
lave  paid  comparatively  little  attention  to  the  variations  in  the 
drift  or  kinds  of  beds  of  which  it  is  composed.  They  tend  to  class 
it  all  as  *' surface  ".and  urge  going  on  into  the  rock.  The  prevailing 
character  of  the  drift  is  a  clay  till,  but  there  are  two  belts  that  con- 
tain considerable  sand  and  gravel.  One  is  a  moraine  which  leads 
from  east  to  west  past  Lansing  on  the  north  side  of  the  Cedar  and 
Grand  rivers,  which  has  more  or  less  gravelly  material  in  it  and  out- 
vashed  from  it  over  the  plain  to  the  south.  Sometimes  the  outwash 
is  covered  from  2  to  20  feet  deep  with  a  veneer  of  till,  suggesting  a 
readvance  of  the  ice. 

The  second  gravelly  belt  is  known  as  the  Mason  esker  and  runs 
from  the  Lansing  cemetery  southward  past  Holt  and  Mason.  It  is 
due  to  deposition  from  drainage  of  the  ice  sheet  and  runs  about  at 
a  right  angle  to  the  morainic  ridge.  Along  its  course  are  springs 
and  superficial  supplies  of  water.  There  were  other  similar  deposits 
near  Weberville,  Williamston,  and  elsewhere,  but  they  have  been 
largely  used  for  ballast  on  roads.  In  places  these  ridges  reach  a 
height  of  as  much  as  40  feet.  The  Mason  esker  has  apparently 
been  overridden  at  its  north  end  by  the  readvance  of  ice  that  formed 
the  moraine.  The  gravel  buried  under  the  moraine  is  traceable 
northwarointo  Clinton  County  and  supplies  wells  at  moderate  depth. 

DEPTH    TO    ROCK. 

The  depth  to  rock  immediately  around  Lansing  generally  varies 
from  60  to  80  feet,  according  to  the  surface  topography.  In  the 
valleys  it  is  less,  but  on  the  niorainal  ridges  it  is  greater.  There  have 
also  been  found  one  or  two  pre-Glacial  channels  in  the  rock  surface 
where  it  is  lower  down.  One  of  these  channels  may  be  traced  from 
Alaiedon  Township  (T.  3  N.,  R.  1  W.),  where  on  sec.  9  it  is  ovei  105 
feet  to  rock,  northeastward  through  sec.  4,  where  it  is  135  feet,  and 
sec.  3,  where  it  is  180  feet,  into  sec.  34,Meridian  Townsliip,  where  it 
is  130  feet,  and  sec.  23,  where  it  is  14S  feet.  In  the  border  sections 
"ock  is  found  at  60  to  75  feet.  Around  Pine  Lake  bed  rock  is  at 
65  feet  in  sec.  11  and  150  feet  in  sec.  2,  and  on  the  north  line  of  the 
ounty  174  feet.     We  can  not  follow  it  definitely  in  Clinlow  CowwVj, 
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but  it  apparently  bears  northeast  into  Woodhull  Township,  Shia- 
wassee County,  for  in  sees.  8  and  17  it  is  120  to  125  feet  to  rock. 

East  of  this  valley,  from  a  point  near  Eaton  Rapids  northeastward  i 
through  Aurelius,  Vevay,  Alaiedon,  and  Wheatfield  townships  it 
least  to  Williamston,  there  appears  to  be  a  buried  ridge  in  the  rock  '. 
surface,  wliich  is  often  struck  at  considerably  less  than  40  feet,  and 
along  which  wells  have  in  places  very  soft  water. 

In  Victor  Township,  Clinton  County,  a  well  155  feet  to  rock  on 
sec.  19,  and  145  feet  to  rock  on  sec.  9,  may  indicate  another  rock 
valley,  a  part  of  the  same  system. 

In  Delta  Township  (T.  4  N.,  R.  3  W.)  there  are  puzzling  irregula^ 
ities  which  if  not  errors  suggest  rock  valleys.  In  sec.  35  it  is  said  to 
be  200  feet  to  rock;  in  sees.  24  and  25,  from  75  feet  to  over  135  feet; 
in  sec.  26,  75  feet;  in  sec.  21,  103  feet;  in  sec.  20,  80  feet;  in  sec.  15, 
30  feet;  in  sec.  8,  70  feet;  in  sec.  7,  55  feet;  in  sec.  6  is  a  flow  at  80 
to  90  feet;  in  sec.  5  it  is  130  feet  to  rock;  in  sec.  4,  55  feet;  in  sec 
3,  75  to  80  feet;  in  sec.  1,  95  feet. 

In  Oneida  Township  (T.  4  X.,  R.  4  W.),  in  sec.  18,  there  is  a  well 
100  feet  deep  in  gravel,  but  most  of  the  wells  in  the  township, 
especially  around  Grand  I^edge,  fmd  rock  much  sooner. 

In  Iloxana  Townsliip  (T.  4  N.,  R.  4  W.),  in  sec.  11,  on  the  west 
side,  is  a  well  which  goes  210  feet  to  rock,  with  pervious  beds  and 
water  at  231  and  251  feet.  In  sec.  17  it  is  but  102  feet  to  rock.  In 
the  south  part  of  the  township  all  the  reports  are  of  water  in  gravel 
at  from  25  to  85  feet,  with  flows  in  sees.  28  and  32  (see  pp.  169). 

QUALITY    OF    WATER. 

Th(»  water  from  the  drift  is  usually  harder  than  that  from  the  sand- 
stone. Around  Durand,  Byron,  and  to  the  south  salty  water  is  likely 
to  occur,  wliich  may  be  due  to  salt  water  coming  up  through  a  fissure, 
or  to  an  extension  of  the  lower  Grand  Rapids  group. 

The  following  analyses  show  fairly  well  the  chemical  ^aracter  of 
the  various  waters  which  are  likely  to  occur. 

Aiuilyxis  of  F'hiU  irtU  xmter.n 

Parta  per  million- 

Calcium  (Cu) 95.43 

Majjnosiuni  (Mg) 35.32 

CarlH.nat."  laidiclc  ((X),,) Ig/.ffl 

Sulpliatt'  radicle  (SC)<) 38-88 

Silica  (SiOj 22.60 

Iron  (Fc)  ' 4.90 

Sodium  (Na ) 48.00 

Chlorine  (CI) 107.21 

540.76 
Inorfjanicm  attcr  not  present.     DifTen'ni-e  ((),  NtioO,  and  KcoQ^^ 29 


1  Kxprissd  hy  analyst  in  hypothetical  coinbiimtious;  niromptiUMi  to  ionic  fonn  at  United  Statei 
Geological  Survey. 
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This  well  is  in  the  coal  measures,  and  the  presence  of  sulphates 
significant,  but  the  water  is  peculiar  and  has  a  peculiar  history.  It 
62  feet  to  bed  rock  and  115  feet  deep.  Only  125  feet  away  is  the 
>owney  House  well,  which  was  put  down  740  feet  in  hope  of  a  flow. 
one  was  obtained,  and  the  w^ater  grew  sahy,  so  the  well  was  plugged 
:  72  feet.  When  the  Piatt  well  pump  is  not  running  the  Downey 
ell  **  stands  about  22  feet  below  ground  level,  but  when  the  Piatt 
ell  is  pumped  the  Downey  drops.  The  first  of  the  year  the  Piatt 
ell  was  not  salt,  but  lately  it  has  become  so  through  increased  use. 
can  give  17,000  gallons  an  hour,  and  as  much  as  6,000  pounds  has 
?en  used.  Evidently  the  Piatt  draws  from  the  Downey  well  below 
le  plug. 

Anclygis  of  well  at  1316  WasMngton  avenv£  south. 

Parts  per  million. 

)tal  solids 565. 6 

rganic 96 

lorganic 469. 6 

ilorine 37. 2 

xlium  chloride 61.5 

Prof.  R.  C.  Kedzie,  analyst. 

WATERWORKS. 

Lansing  is  supplied  by  wells^from  28  to  350  feet  deep.  Of  these 
here  are  27  in  an  area  of  only  a  few  hundred  feet  near  the  pumping 
tation,  on  Michigan  avenue,  close  to  the  river.  Though  the  neigh- 
•orhood  is  all  built  up,  the  water  appears  safe,  and  no  case  of  typhoid 
an  be  traced  to  it.  This  is  inferred  from  the  fact  that  immediately 
djacent  to  the  pumping  station  there  is  a  well,  that  of  F.  N.  Rounse- 
ille,  which  penetrates  surface  gravels,  and  is  not  at  all  affected  by 
he  pumping  station.  Ileav^^  chiys  without  pebbles,  of  which  15  feet 
rere  recently  seen  in  the  Larned  street  sewer,  come  beneath  it.  ^ 

The  most  of  the  water  is  said  to  come  in  between  150  and  200  feet 
own;  two  wells  by  the  city  and  a  nimiber  by  the  Roe  Car  Company 
nd  the  Oldsmobile  works  in  the  south  part  of  the  cit}"  have  shown 
bat  there  are  heavy  water-bearinii:  sandstones  from  250  feet  down  to 
•30  feet  and  more.  These  probably  reach  the  Marshall  sandstone,  and 
ould  naturally  contain  less  lime  than  those  of  the  overling  sub- 
arboniferous  limestone. 

The  temperature  at  the  waterworks  and  at  the  Hazel  street  flow- 
ij^well  remains  almost  constant  at  51°  F.  throughout  the  year,  which 
>  another  sign  of  freedom  from  direct  supplies  of  surface  water  or 
ontamination.  Twice,  however,  in  the  winter  of  1904-5  bad  breaks 
mirred  in  the  mains  that  pass  under  tlie  river  and  connect  the  west 
ide  with  the  east  side  on  wliicli  tlie  pumping  station  is  situated.  In 
lew  of  this  fact,  and  as  tlio  electric  phint  is  under  the  same  manage- 
lent,  it  seems  worth  considcrinu:  whether  it  would  not  be  well  to 

^Proc-  Am.  Assoc.  Adv.  Sci.,  is:.*). 

'' For  analyses  ol  these  waU-rs  stc  abov;  also  Lnno,  A.  C,  Lower  Michigan  itilneTaVviatexa'.  NN«AAi- 

Jp.  and  Irr.  Paper  No.  3J,  U.  S.  r,roL  Survey,  ISOO. 
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scatter  tlie  wells  more  and  have  some  on  the  west  side  pumped  by  I 
electric  pump."  The  city  is  growing  rapidly  and  consumes  1,250,000  I 
to  1,500,000  gallons  a  day,  or  about  70  gallons  to  a  person.  There  ' 
are  1 ,500  meters  and  4,000  to  5,000  taps. 

Tlie  income  for  the  year  ending  in  1904  was  $27,606.58;  tlie 
expenses  for  construction  (including  meters)  were  $12,194.58;  and  the 
operating  expenses  (including  pumping  station  expenses  of  $6,299.46) 
were  $14,685.52,  making  the  total  expenses  $26,880.10. 


FIX>W1NG  WELL.S. 

FLOWS    FROM    DRIFT. 

The  only  known  flowing  well  in  Lansing  that  did  not  penetrate  the 
rock  was  one  said  to  be  a])()ut  30  feet  deep  near  the  Lansing  water- 
works, inmiediately  adjacent  to  the  bluffs  of  Grand  River,  and  this  ' 
very  likely  went  to  bed  rock. 

FIX)WS    FROM    ROCK. 

Wliile  flowing  wells  from  the  drift  seem  now  to  be  scarce,  flowing 
wells  from  bed  rock  may  be  obtained  along  all  the  principal  lines  of 
drainage,  with  a  head  wliich  may  vaA'  from  5  to  10  feet.  This  head 
is  lowered  simiewhat  by  the  water^vorks  plants  of  Grand  Ledge  and 
Lansing,  but  not  so  as  to  prevent  flows.  The  following  list  shows 
some  of  the  flowing  wells  associated  with  the  Grand-Cedar  drainage 
system: 

Grand  Lodge:  E.  H.  Mudge,  Seven  Island  Resort,  107  feet  deep; 
Grand  Ledge  waterworks  wells,  100  to  130  feet  deep,  temperature  5P; 
Balls  well,  eastern  edge  of  Grand  I^dge  near  the  river,  500  feet  deep, 
but  flow  is  not  from  this  depth,  temperature  50°. 

I^ansing:  Lansing  waterworks  wells  did  flow  but  are  pumped  now; 
IIofTman's  well,  700  feet  deep,  used  to  flow  water  at  65  feet;  Hazd 
street  well,  850  feet  deep,  water  rises  to  about  10  feet  above  river, 
temperature  51°  F.,  with  slight  variations  from  time  to  time;  Old 
mineral  well  (which  has  been  variously  named,  **  Senator,"  *'Ameri- 
camis"  or  "Lansing  Magnetic, 'or  "Michigan  Congress"),  1,400  feet 
deep,  but  plugged  at  about  700  feet. 

Grand  River,  main  valley:  Hazel  street  well,  in  the  valley  of  the 
Grand,  about  6  feet  above  the  river,  temperature  51.3°;  Dimondale, 
Van  Osdalls  quarry,  s<^c.  25,  T.  3  X.,  R.  3  W.,  de])th  75  feet,  flow  36 
gallons  a  minute,  temperature  50.5°  F. 

Oedar  River:  It  is  probable  that  flowing  wells  could  be  obtained 
east  from  Lansing  along  Cedar  River  to  past  the  Agricultural  College. 
There  is  one  well  close  to  the  pickle  (formerly  Potter's)  factory,  and 
another  on  the  Turner  farm. 


«  This  policy  is  now.  1906,  ill  process  of  dovelopmcnt. 
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Sycamore  Creek:  From  Lansing  up  the  valley  of  Sycamore  Creek, 
ist  Mason,  occasional  flows  have  been  obtained,  there  being  instances 
sections  21,  26,  33,  and  35,  Lansing  Township,  and  as  far  up  as 
ctions  14  and  15  in  Vevay  Township. 

In  1897  the  waterworks  wells  in  Mason  (five  6-inch  wells)  had  a 
ad  of  2i  feet,  but  were  on  ground  10  to  15  feet  below  the  railroad 
ick  and  42  feet  below  the  standpipe.  Their  depth  averages  about 
0  feet  with  a  range  from  67  to  172  feet.  Mr.  S.  Lincoln's  flowing 
11  at  Mason,  400  feet  deep,  had  water  carrying  iron  and  sulphu 
ed  hydrogen  in  noticeable  amount.  The  temperature  was  53°  F. 
well  100  feet  deep  just  south  of  the  railroad  station  at  Mason 
wed  a  small  stream  with  temperature  51*^  F.  A  flowing  well  at 
lynor's  Park,  380  feet  deep,  discharged  a  large  amount  of  water. 

MISCELLANEOUS    FLOWS. 

The  following  table  gives  data  of  scattered  flows: 
Miscellaneous  wells  Tiear  Lansing, 


Locality. 


Depth 
to  rock. 


Depth 
of  rock. 


Depth 
of  drift 


wells.    I    wells. 


Remark?. 


itonTowhship,  8ec..31 . 
itoD  Township,  see.  21 ; 

jrlerTille 

Qcroft : 


Feet. 
100 

«      I 
80      I 


Feet. 
150 
94 
113  ; 


Feet. 


25-40 
l»-32 


bbenrilte 61-77 

rrloe '         80 

rry 80-125 

Qnington '         80 

ridian I     40-75 

lliamston ' 


altsbur\' . . . 
ingsburig. . . 

jlett  Park. 
»mo8 

ih 


133 
105-328  ; 

125-175  ' 
150-2G0 

75  ■ 
40-200 


15-35 
12 
60 


One  flowing  well  in  fioutheast  quarter. 

One  flowing  well  m  northern  part. 

Water  in  rock  at  113  feet. 

North  of  railroad  at  18  feet;  south  of  railroad 

at  22-32  feet;  supply  good. 
Water  at  about  1$)  feet. 
Water  at  canning  factory  is  at  192  feet.    One 

mile  north  salt  water  occurs  at  328  feet. 
Shallow  wells  are  in  gravel. 


I 


18-40 
4.5-76 


»rey 

Ax 

Ticaltural  College, 
owbridge  station . . 

'«tHolt 

Ming 


Do. 


105 

65 

85-f- 

100 

30 

30-70 

70 


178 
80-100 


150 

40-83 

40-300 

100 


Ming  Township,  sec- 
ion  33. 

mondale 

lU 


letu 

ItA  Township,  north- 

estpart. 

ta  Township,  south- 

estpart. 

wna  Township,  sec. 

cana  Township,  sec. 


80-90 

50 

45-80 
50-90      i 

200       . 


204 
209 
200 


106-140 


100-150 


montviUe 

field  stave  mill, 
field 


Drift  waters  are  from  graveL 

Watt^r  from  shale  at  40  to  60  feet;  from  sand- 
stone at  n>5-200  feet. 

Well  at  railroad  got  water  in  gravel  at  40  feet. 

Hard  water  rising  to  within  7  feet  of  the  sur- 
face was  found  at  76  feet  at  Laingsburg  mill. 
30  I  Water  in  shallow  wells  is  from  gravel 


30-50 
75-85 
75-100 


80-90 


GO 


rood. 


>Two  horizons,  lowest  in  coarse  gravel. 

West  of  Gearev  the  wells  are  150  feet  deep. 

Wells  How. 

Waterworks  an*  about  .'iOO  fc?et. 

Flowing  well  near  Grand  River  in  rock. 
Flowing  well  at  Holmes  Gardens  1  mile  south 

of  city  limits. 
Flowing  well  2  miles  south  and  1  mile  east  of 

Lansing. 
Flowing  well. 

Good  water  at  100  to  200  feet. 

Good  water  at  IWi  to  140  feet  in  sandstone. 

Drift  has  30  to  40  feet  of  cemented  gravol. 
Well  is  at  sawmill,  probably  over  the  buried 

channel  traceable  5  miles  southward. 
Flowing  well  in  southeast  quarter  section  6; 

south  of  pnveding  it  is  K)  to  W  f(vt  to  water. 
In  southwest  part  of  township  it  is  100  to  150 

fcH't  to  good  water. 
Flowing  wells  in  southeast  quarter. 

Wm.  LitchfHld.  Mnlliken.  Mich..  eomplet^Ml 
a  well  in  January,  1904,  which  flowed  2  fwt 
al)ove  surface. 

Wator  good. 

Soft  wat«'r  at  100  to  12<i  feet. 

Wells  40  to  50  feet  <leep;  gas  in  south  part  at 
20  to  25  feet,  from  interglacial  (?)  beds. 
40-60  I  Wells  IJ  miles  south  30  feet. 


\ 
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WATER  SUPPLIES  OF  OAKLAND  COUNTY. 

By  Frank  Leverbtt. 

GENEIiAL  STATEMENT, 

Oakland  County,  of  which  Pontiac  is  the  county  seat,  is  one  of  th 
most  elevated  counties  in  the  southern  end  of  the  State,  thou^iti 
southeastern  part  is  down  on  the  lake  plain.  There  is  a  range  ii 
altitude  from  1,300  feet  down  to  630  feet.  A  strong  interlobalf 
morainic  system  with  associated  gravel  plains  occupies  more  than  half 
the  county,  leading  from  the  northeast  to  the  southwest  comer.  Iti 
average  altitude  is  about  1,000  feet,  and  its  highest  points  nuy 
reach  1,300  feet.  Southeast  of  this  interlobate  tract  are  wealur 
moraines  formed  by  the  Huron-Erie  ice  lobe  which  trend  northeut 
and  southwest,  parallel  with  the  interlobate  tract.  About  120  square 
miles  in  tlie  southeast  comer  falls  within  the  lake  plain.  This  has 
an  altitude  of  800  feet  at  the  northwest,  but  drops  to  630  feet  at  the 
southeast  corner.  The  northwestem  part  of  the  county  is  occupied 
by  moraines  formed  by  the  Saginaw  lobe,  with  their  associated  grard 
plains  and  lines  of  border  drainage.  From  the  interlobate  moraine 
there  is  drainage  southeastward  by  Clinton  River  and  its  tributaries, 
southwestward  by  Rouge  and  Huron  rivers,  and  northwestward  ' 
through  tributaries  of  Flint  and  Shiawassee  rivers.  In  addition  to 
the  streams  there  are  a  large  number  of  small  lakes  filling  many  of 
the  basins  in  the  interlobate  tract. 

Wells  are  usually  obtained  at  moderate  depths  on  the  gravel 
plains,  for  these  are  generally  but  20  to  30  feet  above  the  lakes,  which 
dotorniinc*  the  depth  to  which  the  ground-water  table  sinks.  Wells 
on  the  moraines  vary  greatly  in  distance  to  good  water  suppHefli 
though  on  the  niost  gravelly  parts,  as  on  the  gravel  plains,  the  water 
table  is  in  hamiony  with  the  surface  of  the  neighboring  lakes.  Where 
the  morain(»s  contain  ccmsiderable  till  it  is  often  necessary  to  reach 
levels  lower  than  the  lakes  and  streams  before  striking  a  good  water 
bed.  The  lake  plain  is  largely  a  stilT  clay  in  which  wells  frequently  go 
to  depths  of  75  to  150  feet.  Moraines  on  the  border  of  the  lake  plain 
contain  a  large  amount  of  clay,  and  deep  wells  are  numerous  in  them. 

Flowing  wells  have  been  obtained  in  basins  and  valleys  and 
recesses  in  the  interlobate  moraine  in  the  northwestem  part,  and 
on  the  lake  plain  in  the  southeastern  part  of  the  county.  Those  in 
the  northwestern  part  were  examined  by  Mr.  Davis,  while  those 
in  the  northeastern  part  received  the  attention  both  of  the  writei 
and  of  Mr.  Udden. 

Mr.  Davis  gave  attention  to  village  supplies  at  Oxford,  Holly 
and  Ortonville.  Data  on  other  village  supplies  have  been  obtainec 
by  the  writer  in  the  course  of  mapping  the  glacial  formations 
Mr.  Udden,  however,  gave  attention  to  flowing  wells  that  supplj 
Rochester  and  Birm'^^ham  waterworks. 
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drift  is  so  thick  in  Oakland  County  that  but  few  wells  have 
irried  to  the  rrfck.  They  are  chiefly  in  the  lower  parts  of  the 
at  the  northwest  and  southeast  comers.  Wells  at  Holly  and 
I,  and  on  farms  near  these  villages  get  water  in  sandstone, 
is  struck  at  160  to  200  feet.  At  the  Holly  waterworks,  how- 
boring  penetrated  265  feet  to  rock  and  this  was  a  shale.  At 
;  the  drift  is  320  feet,  as  shown  by  a  test  boring  for  oil  and  gas 
d  in  Geology  of  Michigan,  vol.  5.  At  Auburn  rock  is  reached 
feet  and  at  Royal  Oak  at  164  feet.  A  boring  on  the  Cooper 
i  miles  north  of  Birmingham,  struck  rock  at  about  200  feet, 
casional  wells  in  the  lake  plain  have  been  carried  to  rock  at 
of  72  to  150  feet  or  more.  At  Orion,  in  the  northern  part  of 
inty,  shale  was  struck  at  165  feet,  and  sandstone  yielding 
ater  at  185  feet.  The  water  in  the  rock  is  saline  in  the  south- 
part  of  the  coimty,  but  is  comparatively  fresh  in  the  north- 
1  part. 

suppUes  of  water  in  the  drift  are  generally  abundant  and  of 
quality  than  in  the  rock,  and  hence  there  is  no  need  for  driving 
rock.  In  the  southeastern  part  of  the  county  is  a  small  tract 
h  the  water  in  the  drift  is  saline,  as  indicated  in  the  discussion 
Froy  flowing  well  district  (pp.  191-192). 

WATERWORKS, 

PONTIAC. 

iac  obtains  its  public  supply  from  wells  about  175  feet  in 
terminating  in  gravel  and  having  a  head  about  level  with  the 
.  The  plant  was  built  by  the  city  in  1888  and  water  is 
i  direct  to  the  mains,  the  length  of  which  is  about  25  miles, 
iinary  pressure  is  45  pounds  and  fire  pressure  100  pounds  or 

STATE    ASYLUM    FOR   THE    INSANE." 

State  asylum  for  the  insane,  located  at  Pontiac,  has  a  supply 
ident  of  the  city  system.  It  is  obtained  from  a  large  exca- 
vell  59  feet  deep,  in  the  bottom  of  which  several  wells  (6-inch 
nch)  have  been  bored  to  depths  of  40  to  65  feet.  The  large 
netrated : 

Record  of  well  at  Pontiac  afiylum. 


Thickness.  I     Total. 


ow  clay I  10 

irith  coarse  stones I  6. 5 

clay  with  yellow  scams |  4. 6 

clay  with  layers  of  fine  bln<'  cln  y,  \  <'ry  tough I  6 

V  sand I  1 

sand,  gravel,  and  bowldors !  4. 5 

rust .5 

d  with  bowlders  and  cobblostonos !  26 


Feet.  Feet. 

10 


16.6 

21 

27 

28 

32.5 

33 

59 


a  Data  furnished  by  Dr.  E.  A.  Christian,  medical  superintendent. 
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Water  was  struck  at  this  depth  and  the  borings  continued  in  water- 
bearing sand  to  the  bottom.  One  boring  found  blue  clay  under  tk  I 
sand  at  a  depth  of  119  feet.  The  pressure  is  only  sufficient  to  bring  | 
water  to  the  bottom  of  the  large  well. 

MILFORD. 

The  public  supply  at  this  village  is  from  a  system  of  shallow  vdk 
along  the  bank  of  Huron  River.  The  plant  was  installed  in  1895 
and  is  operated  in  connection  with  an  electric  plant.  The  mains 
are  about  5  miles  in  length,  and  direct  pressure  is  used,  the  ordinaij 
pressure  being  55  pounds  and  the  fire  pressure  125  pounds. 

The  following  is  a  partial  analysis  of  the  public  supply  at  Milford, 
this  being  obtained  from  five  connect^  wells.  The  data  were  fiin^ 
nished  by  M.  O.  Leighton,  of  the  United  States  Geological  Survey. 

Partial  analyifUt  oj  well  uxUer  at  MiUford, 

Partt  per  milBoL 

Color 10 

Iron  (Fc) .- Vciy  slight  tnee. 

Chloriuo  (CI) 23.5 

Car»K)n  dioxide  (CO.) W.55 

Sulphur  trioxide  (S63) 15 

Hardness  (as  CaCOj) 139+ 

S.  J.  Lewis,  analyst.     Depth,  40  ftwt. 

OXFORD." 

Oxford  is  on  a  broad  gravel  plain,  running,  at  this  point,  approxi- 
niatoly  north  and  south  between  two  well-marked  morainiu  ridges. 
Tins  ])lain  is  apj)arently  more  closely  related  to  the  western  ridgCt 
from  whose  base  it  slopes  gently,  than  it  is  to  the  eastern  one.  Its 
surface*  is  relatively  smooth,  and  to  the  east  of  the  town  has  in  it  8 
shallow  depression,  on  the  edge  of  which,  about  15  feet  below  th< 
level  of  the  town,  the  wells  and  pumping  station  of  the  public  water- 
works are  located. 

The  water  for  these  works  comes  from  a  group  of  five  driven  wells 
0  inches  in  diameter,  which  are  about  85  feet  deep,  being  in  grave 
the  entire  distance.  The  water  rises  to  within  about  8  feet  of  the  sur 
face,  and  under  ordinary  pumping  is  not  materially  lowered,  bu 
w  hen  the  pumps  are  running  under  fire  pressure,  650  gallons  a  minute 
is  lowered  from  10  to  12  feet  below  this  level,  and  there  remain 
stationary. 

The  following  partial  analysis  shows  the  ccmiposition  of  the  publi 
suj>ply  obtained  from  5  wells  at  Oxford.  It  may  be  taken  as  a  repn 
sentative  sample  of  the  region  immediately  around  Oxford.  Th 
(lata  were  furnished  by  M.  O.  Ijeighton,  of  the  United  States  Greolo^ 
ical  Survey. 

o  By  Cbarlea  A.  Davis. 
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Partial  analysis  of  well  vxUer  at  Oxford. 

Parts  per  million. 

Color 46 

Iion(Fe) ^...       2 

Chlorine  (a) '. ...     11.6 

Ckrbon  dioxide  (OO,) 95. 37 

Sulphur  trioxide  (SO,) 5 

Bwtlness  (As  CaOOa) 139-f 

•  S.  J.  Lewis,  analyst.     Depth,  65  feet. 

The  sanitary  conditions  in  Oxford  are  such  that  they  deserve 
especial  notice.  The  gravel  plain  upon  which  the  town  is  located  is 
made  up  of  a  coarse  gravel  without  any  general  admixture  or  inter- 
bedding  of  clay,  and  hence  is  very  porous,  so  that  water  from  the 
surface  penetrates  it  readily,  and  passes  rapidly  through  it  to  the 
-water  table  or  ground-water  level,  which  is  reported  to  be  15  to  25 
feet  below  the  surface,  the  differences  in  depth  being  due  to  variations 
in  the  ground  surface  level.  As  is  usual  in  towns  of  the  size  of 
Oxford,  the  majority  of  people  obtain  water  from  private  wells  in  the 
vicinity  of  their  houses.  These  wells  are  from  18  or  20  to  30  feet  deep, 
that  is,  just  into  the  permanent  ground  water,  from  which  a  good 
supply  is  obtained. 


Fig.  22.— Conditions  at  Oxford    Oakland  (^oiiniy     A,  \.  IIoiiso  well;  2.  ci'sspool   open  IxMow. 
B  Waterworks  pumping  station;  soil  above  ground-water  level  is  coarse  gravel. 

Under  earlier  conditions  these  wells  furnished  water  free  from  prob- 
ability of  contamination,  but  since  the  comparatively  recent  installa- 
tion of  the  public  water  service,  a  constantly  increasing  number  of 
people  have  introduced  water  into  their  homes  for  use  in  bathrooms, 
etc.    Since  there  is  no  sewer  system  to  carry  off  the  waste  water,  the 
method  taken  to  get  rid  of  this  waste  is  to  constnict  an  open-bottomed 
cesspool  near  the  house,  several  feet  ])elow  the  surface,  wall  up  the 
sides  and  top  and  nm  all  the  sewa<j:e  into  this.     The  porous  gravel  of 
the  bottom  allows  the  water  to  filter  out  into  the  soil  and  find  its  way 
where  it  will   (see  figs.  22  and  23).     The  result  Is  manifest;  a  well- 
defined  short  circuit  is  established  from  the  house  to  the  cesspool, 
thence  to  the  well,  and  from  the  well  l)ack  to  the  house  again.     In 
this  case  the  only  purification  which  the  water  gets  is  filtering  through 
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a  few  feet  of  coarse  gravel,  which  in  course  of  time  must  become  badly 

contaminated  by  the  effete  matter  which  it  takes  from  the  wat«r,an<i 

by  the  more  deadly,  if  less  dist- 
greeable,  germs  of  disease. 

No  sewers  have  been  con- 
structed, because,  it  is  stated, 
there  is  no  stream  in  the  neigh- 
borhood which  can  l>e  made  the 
terminus  of  a  sewer.  However, 
the  proper  disposal  of  this  waste 
is  a  matter  within  the  grasp  of  a 
sanitary  engineer,  and  should  be 
arranged  for  at  an  early  date. 
In  the  meantime,  several  plans  ■ 

more  rational  and  healthful  than  that  in  use  suggest  themselves,  some 

of  which  follow : 

(1)  Dujx  wells  and  open  wells  of  all  sorts  should  be  abandoned 
and  filled  up,  as  tliese  are  especially  likely  to  be<5omo  contaminated. 

(2)  If  private  wells  are  to  bo  used  at  all  they  should  be  tubular  and 
driven  nearly  to  tlie  bottom  of  the  water  gravel,  instead  of  stopping 
just  below  the  water  table.  This  would  insure  the  most  thorough 
fdt ration  possible,  while  the  latter  practice  gives  the  best  chances  of 
possible  contaminatitm. 

(3)  Private  wells  might  be  abandoned  entirely  and  only  the  public 
water  supply  used.  The  wells  of  the  waterworks  are  deep  and  so  far 
renioved  from  the  town  that  the  danger  of  contamination  in  them  is 
practically  nothing. 

(4)  All  cesspools  and  vaults  should  be  required  by  law  to  be  con* 
struclcd  water-tight,  and  regularly  emptied  under  supervision  of  ft 
public  sanitary  inspector,  and  the  contents  disposed  of  in  such  away 
that  the  health  of  the  connnunity  is  not  endangered  thereby. 

On  the  farm  of  Alfred  Ilagerniann,  on  the  southwest  quarter  of  sec. 
23,  Oxford  Township,  within  a  mile  of  the  town,  is  a  large  spring, 
which  is  piped  to  the  farm  buihlings  and  furnishes  a  good  supply  o\ 
excellent  water.  The  overflow  tills  an  inch  pipe,  and  the  supply  u 
c(msiilere(l  *'as  good  as  it  was  twenty  years  ago." 

HOLLY.  ** 

Holly  is  located  on  a  sandy  plain  traversed  by  Shiawassee  Rive: 
with  higher  land  near  by  on  the  east  and  south. 

The  public  supply  is  taken  from  a  group  (*f  nine  or  ten  drilled  wells 
0  inches  in  diameter,  ranging  from  23  to  47  feet  in  depth,  all  flowin< 
slightly  above  the  surface  of  the  marsh  on  the  edge  of  which  they  an 
located. 
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Below  is  a  partial  analysis  of  the  public  supply  at  Holly,  furnished 
by  M.  O.  Leighton,  of  the  United  States  Geological  Survey.  The 
prater  comes  from  two  connected  wells  23  and  85  feet  deep,  respectively. 

Partial  analysis  of  weU  waters  at  Holly. 

Parts  per  raillioxL 

Dobr 42 

liwi(Fe) 2.9 

CMorine  (CI) 25.6 

□wbon  dioxide  (COj) 121. 27 

3u]phur  trioxide  (SO3) 91 

Bard  ness  ( as  CaCOj) 1 39+ 

S.  J.  Lewis,  analyst. 

Owing  to  the  incrustation  of  the  points  or  strainers  of  the  wells, 
or  to  the  inflow  of  sand,  several  of  the  wells  have  become  useless  and 
Dthers  are  failing,  so  that  the  supply  is  inadequate  for  the  needs  of  the 
to^m.  In  addition  to  this  the  ground  near  the  pumping  station  has 
become  impregnated  with  fuel  oil,  stored  there  at  one  time,  and  the 
wrater  is  contaminated  by  it. 

To  remedy  this  state  of  affairs  new  wells  are  being  drilled  on  higher 
ground,  and  those  completed  were  reported  to  be  140,  155,  and  180 
feet  deep,  with  faif  supplies  of  good  water.  The  water  from  the  140- 
foot  and  180-foot  wells  is  said  to  rise  in  the  pipes  so  that  it  will  flow  at 
the  marsh  level. 

A  well  over  670  feet  deep  has  also  been  put  down  at  the  water- 
works, but  the  water  was  slightly  brackish  and  the  hole  was  plugged 
and  the  casing  drawn  back  to  about  180  feet,  where  a  good  supply  of 
water  had  been  shut  off  in  putting  down  the  well.  Shale  was  struck 
in  tliis  well  at  265  feet. 
The  drift  materials  passed  through  are  as  follows: 

Section  of  drift  at  HoUy. 

Feet. 

Sand  and  gravel 140 

CUy 10 

Wat<»r,  sand,  and  gravel :iO 

Clay 85 

The  private  wells  in  Holly  are  generally  shallow,  vaiying  from  20  to 
60  feet  in  depth,  with  sufficient  supplies  for  doniesiic  use. 

The  flowing  wells  at  the  waterworks  are  at  the  marsh  level,  ])elow 
that  usually  .selected  for  house  building,  but  it  seems  probable  that 
the  borders  of  the  marsh,  or  any  part  of  it,  would  give  flows.  There 
is  no  chance  of  getting  flowing  wells  from  these  strata  on  the  levels 
usually  occupied  by  dwelling  sites. 

Across  the  valley,  opposite  the  pumping  station  of  the  waterworks, 
and  a  few  feet  higher,  is  a  group  of  seepage  springs,  not  flowing  much 
now,  but  apparently  capable  of  being  cleaned  out,  and  made  more 
efficient. 

JBB  182^ — 0& 13 
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BIRMINGHAM.  * 

Tlio  Biniiingliani  watenvorks  plant  is  in  the  valley  of  River  Rouge, 
ill  the  wostorn  part  of  the  \nllage.  It  embraces  five  flowing  wells, 
oac'li  4  inches  in  diameter,  which  yield  about  40,000  gallons  a  day. 
The  water  discharges  into  a  resen'oir,  from  which  it  is  pumped  direct 
to  tlie  mains.  The  capacity  of  the  re^servoir  is  about  22,000  galloM. 
The  works  were  put  in  operation  September  1,  1890,  and  there  are  at 
present  about  5  miles  of  mains  and  45  hydrants,  supplying  the  priit- 
cipal  streets  with  fire  protection  and  nearly  all  the  residents  with 
water  for  domestic  use.  The  w^ater,  though  rather  hard,  is  used  to 
some  extent  in  boilers.  There  is  sufficient  iron  to  give  a  brown  color 
to  the  boiler  scale. 

Fichi  auahjiiis  of  Bimmigham  water  nuppiy. 

ParUpermilBoB- 

1  lanliioss 300 

Alkalinity 273 

Chloriiio" 38.^ 

Jon  A.  Uddcn.  analyst. 

KOCIIESTER.  ** 

The  village  of  Rochester  obtains  its  water  supply  from  flowing 
wells  located  on  a  branch  of  Paint  Creek  in  the  high  moraine  in  the 
SE.  {  XK.  1  sec.  4,  Avon  Township,  Oakland  County. 

The  supply  is  obtained  from  five  4-inch  wells  having  an  altitude  of 
about  S7;>  and  a  water  level  of  SSS  feet  above  tide.  They  range  in 
depth  from  ()()  to  SO  feet,  and  have  a  flow  of  about  600,000  gallons 
a  (lay.  or  a  How  for  each  well  of  about  S3  J  gallons  a  minute.  The 
wells  How  (lirci'tly  into  a  reservoir,  which  has  a  capacity  of  125,000 
gallons,  from  which  the  water  is  distributed  to  the  village,  which  has 
an  elevation  «>f  about  7oO  feet  above  tide.  The  water  thus  has  an 
average*  pressure  of  about  (U)  pounds  throughout  the  village.  The 
plant  was  built  in  lS<)o,  at  a  cost  of  §20,000,  and  at  present  has  aboui 
o-lo  taps,  45  hydrants,  and  a  total  of  ojl  miles  of  water  main.  It  is 
us(»d  for  domestic,  manufacturing,  lire,  and  sprinkling  purposes. 

Th(»  water  is  liarder  and  more  highly  mineralized  than  that  of  Paint 
Creek,  as  shown  in  the  analysis  on  th(»  next  page. 

oBy  Jon  A.  Uddon. 
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Analysis  of  water  at  Boehetter.a 
[Parts  per  miUion.] 


Village 
water. 

Paint 
Creek. 

ids 

369.981 

99.995 

270.843 

77.880 

114. 110 

11.340 

7.370 

7.142 

200.010 

itredheat , 

29  996 

esidue 

169.991 

;Ca) 

40.040 

?  radicle  (CO») 

50.960 

(CI)               

7.100 

Na) 

4.610 

onsunMHl ....        

29.998 

Qssed  by  analyst  in  hypothetical  combinations;  recomputed  to  ionic  form  at  United  States 
il  Survey. 

ledzie,  analsrst,  January  12, 1899. 

small  amount  of  salt  and  solids  in  Paint  Creek  water  renders  it 
or  for  boiler  use  to  the  village  supply,  and  perhaps  more  suit- 
3r  drinking,  though  in  greater  danger  of  pollution. 

MISCELIiANEOUS  VILLAGE  SUPPLIES. 

Village  supplies  in  Oakland  County. 


Popu- 
lation, 


1.170  I 


Eleva- 
tion. 


Feet. 
780 


Depth  of  wells. 


Source. 


From—  To— 


1 

3»10 

, L_.... 

Plains, 
on 

530 

L.  . 

son. . . 

1,108 

l<ake . . 

ter 

1,172 
1,535 

k 

I 

468 

on 

657 

1 

akc... 

1 

I  lioso  1/ 


1,000 

1,025 

1.050 

/      950 

j  1,025 

965 
/  700 
\      780 

800 
f  1,000 
t  1,025 
/  920 
1  1,000 

930 
f  900 
1      925 

937 

1,060 
750 


660 
678 
940 
1,100 
745 
940 

931 


fShaDow  wells  in  vil- 
lage, dcepor  flowing 
wells  in  valley. 
Driven  wells 


Feet. 
10 


Feet. 
90 


I  >Drivcn  or  bon'd  wells . . 


;>Drlven  wells i 

I  Open  and  driven  wells. 
j>Drivcn and  bon^d  wells  i 

I  Driven  wells.. i 

i}....do L 

I}--"" : 

I do 

}....do 

Lake  and  driven  wells. 

Driven  wells 

Driven  wells  aaUlo 
from  waterworks. 

Driven  wells 

do 

Driven  well  and  stn'ain 

Driven  and  )»on'd  wells 

Driven  wells 

Open  and  driven  wells. 

Open  and  driv<'n  wells 
and  lake. 

Open  and  driven  wells. 
do 


14 
15! 

15! 


16  I 


15 
10 
12 
20 


20 
20 


50 
115 


20         40 
:J5       120 


Com- 


50 


20 

HO 

r.0 
ioo' 

117 
50' 

:«  I 


Depth 

to 
water 
bed. 


Feet.  ^Feet. 


25  I     130  I . 


20 
30 
30 
30 

50 
50 
30 


Uead. 


Feet. 
-10 

.  +14 


30 
25 
30 

50 
50 

30  ; 


-20 
-10 


20 

25 

:;( 

tiO 
120 

.30 

26 

'20 

20 

40 

40 

25 

25 

75  1 

75 

40  1 

100 

40 

40 

-10 
-20 
-10 


-50 
-15 
-30 


50 
25 


Springs. 


^Medium. 

Small. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Largo. 

SmaU. 

Do. 
Large. 

Small. 

Do. 

Do. 
Do. 

Do. 
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FliOWING  WEIiliS. 

ORTONVILLE    DISTRICT." 

Ortonville  is  situated  in  Brandon  Township  (T.  5  N.,  R.  9  E.)  in  a 
deep  valley,  the  sandy  bottom  of  which  now  forms  the  terraces  of  & 
small  stream  (lowing  through  it.  The  valley  is  somewhat  less  than 
a  mile  wide  at  this  point  and  runs  nearly  north.  Its  slopes  arc 
generally  springy,  where  the  overlying  gravelly  till  rests  upon  a 
deposit  of  much  more  compact,  darker  material,  which  suggests  by 
its  character  the  pre- Wisconsin  drift.  This  springy  zone  is  generally 
swampy,  and  there  are  several  interesting  springs  of  considerable 
capacity  running  from  it  and  forming  roadside  rills.     (See  fig.  24.) 

Ortonville  is  perhaps  better  supplied  with  flowing  wells  than  any 
town  of  its  size  in  the  area  visited  by  the  writer,  nearly  every  house 
having  one  (see  fig.  25).  The  water  seems  to  come  from  a  single 
stratum  of  very  fine  sand  or  silt,  mixed,  in  places,  with  gravel.    This 


Fig.  24  -Diuj^rjim  across  vaHoy  at  Ortoimlle.  Oakland  County;  vertical  scale  greatly  oxaggorat^^ 

has  a  (ui|)  of  from  15  to  30  feet  or  more  of  tough  blue  clay,  withou 
pebl)l(\s,  on  top  of  which  is  a  layer  of  sand  and  gravel  from  15  to  3' 
feet  deep.  The  sandy  water  bed  is  about  65  feet  below  the  surfac 
on  the  higher  part  of  the  district  in  which  flows  occur,  and  is  neare 
the  surface  in  the  vicinity  of  the  stream.  The  first  flow  was  obtained 
about  20  years  ago,  at  the  mill  in  the  valley.  The  usual  method  J 
to  case  the  wells  down  into  the  da}',  then  bore  down  to  the  w^atei 
after  which  the  water  runs  through  the  day.  The  largest  flows  am 
strongest  heads  are  found  in  the  stream  valley,  that  of  J.  H.  Mam 
(No.  1  on  fig.  25)  being  located  very  near  the  bank  of  the  stream 
A  number  of  the  stronger  flows  w^ere  said  to  have  brought  up  larg( 
quantities  of  sand  when  first  put  down,  that  of  Milo  Giles,  at  th 
blacksmith  shop,  pouring  it  out  by  wagon  loads  for  the  first  thre 
months  after  it  was  put  down.  Several  ])eople  also  reported  tha 
just  before  storms  their  wells  flowed  more  freely,  and  the  wate 
became  roily.     This  is  not  unusual  in  flowing  wells,  and  is  due  t' 
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Fig.  25. — Plat  of  Ortonville,  Oakland  County,  showing  location  of  flowing  wells. 


List 

of  owners. 

n>  Mliiu(rht«rhoii!i«. 

». 

Chester  D.  Ik-rrv. 

hi. 

Bert  Smith. 

7:>. 

D.  Irish. 

n"(4  hou)M>. 

27. 

Dr.  UulleK. 

h-i. 

Hummer  A:  Jonc  . 

76. 

Frick  e»tat€. 

t*. 

2». 

Alex.Slollloar. 

f.:{. 

Aloiizo  Mills. 

77. 

Frank  Miller. 

mrtH. 

29. 

John  Lindsay. 

r>4. 

School  h<»us««. 

7H. 

1  Len.  Guiles. 

ixo  Flajjrler. 

SO. 

Frank  Collins. 

r..-). 

Mr.-^.  Sh\  iH's.s. 

79. 

1  Bcnneu. 

31. 

Daver  Van  Tvne. 

r>fl. 

W.J.  Hull. 

«0. 

Roht.  Skinner. 

rad  Havener. 

9i. 

J.  Keller. 

James  Kane. 

81. 

Fred.  Wliden*. 

ia.rd  Randall. 

S3. 

Lewis  Savner. 

:.H. 

Mrs.  C.  S.  K«.denlmu^-h. 

K'.J. 

A.  Sands 

1  Markham. 

31. 

Frank  Cliff. 

.VJ. 

Daniel  Wells. 

K.I. 

Thos.  Tucker. 

ert  Hewett. 

Xt. 

Kd  Siiwner. 

60. 

Lovin  Torreiu-e. 

Ml. 

Milo     Giles     blackHmith 

lan  Fatten. 

36. 

LouIh  GIvens. 

01. 

Mill. 

shop. 

•'.  Binorhani. 

37. 

Vln.  Richmond. 

62. 

Mrs.  C.  S.  Stewart. 

86. 

Wm.  Fetters. 

.  Pntter»«n. 

38. 

OeorRe  Eaton. 

6:<. 

J.  J.  Kvest«. 

86. 

Wm.  Neally. 

J.  BrosleuH. 

39. 

Wm.  Rathbone. 

04. 

U.  Skinner. 

87. 

Mrs.  Sands. 

Quirk. 

40. 

John  SkinntT  (stt»re  <. 

o:,. 

fiaptist  pai-sonavre. 
J.  J.  Kvurts. 

88. 

WesU'ott. 

man  Profn>ck. 

41. 

Walter  Clark. 

06. 

89. 

Scott. 

K  Pr»*fro.k. 

42. 

Town  well. 

67. 

Dr.  Cloth. 

tfO. 

Geo.  Nonin. 

c,  Oulles. 

43. 

Frank  Frick. 

6H. 

Mrs.  Altfer. 

91. 

II.  Frofrock. 

.  Addis. 

41. 

WilliuniCnse, 

6y. 

Itaptisl  parsonajff. 

92. 

H.  i-'riok. 

tile  Zlnimemuinn. 

4.S. 

1 

70. 

H.  K.  Jones. 

93. 

Mrs   Evarts. 

Knderw 

46. 

•Alex.  Htolllrer. 

71. 

Mrs.  Mills. 

84. 

Jan.  Arnold. 

!».  Stevenn. 

47. 

S 

^l'^. 

ii.  Terry. 

»». 

Milo  Giles. 

.  Patterw>n. 

48. 

Nath.  Atiten. 

73. 

N.  Welch. 

06. 

Chas.  Kier. 

ressr- 

g^  |-  Dr.  Atoherson. 

74. 

L.  Purrett. 

m. 

Uaknown  aear  89. 
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lessened  atmospheric  pressure  at  such  times.  The  wells  at  the 
higher  levels  of  the  town  are  affected  by  dry  weather  and  some 
nearly  cease  Sowing  in  a  prolonged  drought.  This  might  be  in  some 
measure  prevented  by  shutting  down  some  of  the  large  flows  in  the 
lowest  places,  where  there  is  an  enormous  waste  of  water,  which 
tends  to  lower  the  head  of  the  entire  area. 

The  catchment  area  might  easily  be  the  sides  of  the  valley,  espe- 
cially if  the  clay  capping  of  the  sandy  water  bed  is  thin  or  wanting 
near  the  sides,  as  is  possible,  or  it  might  be  the  bottom  of  the  vallej 
itself  up  the  stream,  since  the  head  or  elevation  to  which  the  water 
rises  in  the  town  is  only  about  15  feet  above  the  stream,  and  above 
this  level  there  are  no  flowing  wells. 

The  following  proximate  quantitative  analysis  of  the  water  at  the 
well  at  Mannas  slaughterhouse  (No.  1  on  fig.  25)  shows  that  the  water 
is  not  excessively  charged  with  mineral  matter,  but  is  of  good  quality, 
and  while  hard  is  no  more  so  than  is  usual  for  waters  from  the  glacial 
deposits. 

Quantitative  analysis  of  weU  at  dawghterhouae  {No,  1),  OrtonviUe.a 

Parts  per  million- 

Calcium  (Ca) , 104.61 

Carbonate  radicle  (CO,) ! 156. 49 

Iron(Fe) 2.25 

Sulphate  radicle  (SO4) Trace. 

Chlorine  (CI) 3.75 

It  is  probable  that  the  entire  flow  of  the  area  is  above  100  gallons  a 
minute  or  about  150,000  gallons  a  day,  enough  for  a  much  larger 
town.  Tlie  plat  of  the  village  (fig.  25)  shows  the  location  of  the  wells 
and  their  relation  to  the  stream,  while  in  the  table  are  to  be  found 
statistics  of  the  more  interesting  wells. 

«  Exprfjsse»i  by  aimlyst  in  liypotheticul  combioatious;  recomputed  to  ionic  form  at  United  State* 
Geological  Survey. 
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le  farm  of  Mrs.  Loesch,  in  sec.  29,  Brandon  Township,  3  miles 
f  OrtonviUe,  is  a  flowing  well  about  50  feet  deep,  with  a  head 
above  the  surface.  It  is  in  a  sag  near  a  lake,  and  was  reported 
a  very  strong  flow.  This  well  was  not  visited  by  the  writer, 
3  reported  by  the  driller,  R.  E.  Cassidy,  who  also  stated  that 
er  rises  about  to  the  surface  in  dug  wells  to  the  south  of  Or  ton- 
some  farms. 

GROVELAND   TOWNSHIP." 

area  consists  of  a  group  of  three  wells,  in  T.  5  N.,  R.  8  E., 
>  miles  west  from  OrtonviUe,  one  of  which  (the  Thayer  well) 

the  rock. 

?  is  probably  no  communication  between  these  wells,  although 
ly  one  of  the  strata  passed  througli  in  the  well  of  Mr.  Thayer 
same  as  that  which  furnished  Mr.  Coventry's  supply.     The 

James  Algoe's  is  an  especially  fine  one,  and  gives  a  great 
y  of  pure  water. 

:*atchment  area  is  probably  in  the  higher  land  in  the  vicinity 
wells,  and  it  seems  likely  that  wells  put  down  in  other  low 
n  the  neighborhood  would  also  yield  flows. 


a  By  CHurlea  A.  Davis. 
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a  Wiit«T  jit  *)  and  tiO  twi;  iiotirly  AowimI  at  SO  foot;  flows  from  120  fpot. 
f'  S}iid  to  tlow  5.'i()  bii rn>l8  nor  dtiy.    Tho  Mow  i»  dlvido<l  and  in  piped  acrou  tl 
It  runs  A-inch  ]>iiM.>  full.    Tno  well  \»  8  to  10  foot  al>ove  the  bed  of  the  stroani. 


BKi    MEADOWS    AREA." 

Five  miles  west  of  Oxford,  in  the  bottom  of  a  wide  valley  running 
from  nortliwest  to  soutlienst,  is  a  large  area  of  marsh  land,  now  in 
part  drained  and  cleared,  used  for  pasture  and  in  some  cases  for 
crops.     Tlie  surface  is  nearly  level,  only  slight  depressions  being 
observiHl.     Tliis  is  a  llowinj:  well  area,  but  is  only  slightly  developed, 
and  but  for  its  possibilities  would  need  no  further  mention.     If,  how- 
ever, the  mai*sli  is  more  fully  drained,  as  it  will  be  sometime,  it  is  a 
matter  of  importance  to  note  that  practically  over  its  entire  surface 
at  dcptiis  from  50  to  70  feet  flowing  water  can  be  found.     It  was 
reported  that  in  a  numlxT  of  ])laces  wells  had  been  driven  to  get  water 
for  stock  in  tho  pastures,  but  tinly  two  were  found  by  the  writer. 
These  were  ilowing  up  through  the  bottoms  of  watering  troughs  in 
such  a  way  that  no  accurate  estimate  of  the  flow  could  be  made,  but 
the  ([uantity  was  probal)ly  from  2  to  4  gallons  per  minute,  ^ith  a 
temperature  of  51°  F.     The  Hows  are  said  to  cease  aft«r  a  time,  but 
usually  because  the  pipes  become  clogged  from  above.     The  water 
just  readies  tlie  surface  of  the  general  level.     The  wells  observed 
were  on  the  south  side  of  sec.  24,  Brandon  Township,  n^ar  the  road, 
at  an  elevation  of  1,00s  feet.     On  the  north  side  of  the  valley  and 
mai-sh,  one  well  was  seen  whicli  had  a  head  of  about  2  feet  and  a  flowr 
of  about  3  gallons  per  minute,  but  no  other  information  was  obtained 
regarding  it:     This  area  is  capable  of  much  greater  development. 

TKOY    DISTRICT.'^ 

T\xtfnt. — One  of  the  largest  flowing  well  districts  in  the  south- 
eastern ]>art  of  the  Southern  Peninsula  of  Michigan  is  know^n  as  the 
Troy  district,  fnmi  Troy  Township  in  eastern  Oakland  County,  in 
which  many  of  the  wells  are  located.  The  district,  however,  extends 
eastward  slightly  beyond  the  Oakland-Macoml)  county  line  into  Stir- 
ling Township,  Macomb  County,  and  has  also  a  southwestward  exten- 
sion  across   tlie   northwestern  part   of    Royal  Oak   into   Southliehl 

u  IJy  ChiirUis  A.  Davis.  6  By  Prank  Levorett  and  Jon  A.  Udden. 
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vnship,  and  thence  northward  into  Bloomfield  Township,  past  the 
age  of  Binningham.  Around  the  main  district  are  small  groups 
lowing  wells  or  isolated  flows  whose  relations  to  the  main  district 
not  yet  determined.  PI.  V  shows  the  extent  of  this  flowing  well 
net  and  of  the  smaller  districts  near  it  in  Troy,  Bloomfield,  South- 
1,  and  Farmington  townships,  which  may  in  some  cases  prove  to 
in  the  same  pool  or  district.  The  relation  of  these  well  districts 
he  shores  of  the  glacial  lakes,  to  moraines,  and  to  other  features  of 
Dgraphy  or  drainage  are  also  presented.  The  Troy  district  covers 
ut  20  scjuare  miles  and  as  at  present  developed  has  not  far  from 
flowing  wells  in  operation. 

'he  portion  in  Troy  and  Royal  Oak  townships  is  nearly  shut  off 
n  that  in  Southfield  and  Brookfield  townships  by  a  low,  smooth 
r  ridge  (a  waterlaid  moraine)  running  southward  through  the 
tern  edge  of  Southfield  Township.  Flowing  wells  have  been 
ained,  however,  on  this  low  ridge  in  sees.  1  and  12,  Southfield 
vnship,  and  thus  connect  the  fields  on  either  side  of  the  ridge. 
^  ridge  becomes  so  prominent  farther  north  in  Bloomfield  and 
»y  townships  that  flowing  wells  can  not  be  obtained  on  it. 
^he  small  districts  near  the  Troy  district,  as  suggested  above,  may 
-ome  eases,  if  not  in  all,  be  closely  related  to  it  and  isolated  only 
ause  tests  have  not  been  sufficient  to  establish  a  closer  relation. 
us  the  wells  in  sees.  27,  33,  and  34,  Avon  Township,  which  have  a 
lilar  topographic  situation  in  reference  to  the  moraine  west  of  them 
that  of  the  wells  in  Troy  Township,  may,  when  borings  become 
ro  numerous,  prove  to  be  a  part  of  the  Troy  field.  The  isolated 
up  of  wells  in  the  northwestern  part  of  Troy  Township  is  separated 
ni  the  part  of  the  Troy  district  to  the  southeast  by  a  morainic  ridge 
t  high  to  pennit  flows  to  be  obtained,  but  there  is  a  possible  exten- 
n  down  the  valley  of  River  Rouge  to  the  flowing  wells  at  Birming- 
lU.  The  group  of  wells  in  sec.  34,  Bloomfield,  are  likely  to  belong 
h  those  to  the  east,  but  tlie  interval  of  a  mile  in  which  no  flows 
ve  been  obtained  leaves  the  ([uestion  open.  The  flowing  wells  to 
'southwest  in  sees.  8  and  IS,  Southfield,  and  sees.  13  and  23,  Farm- 
:ton,  are  not  only  separated  by  an  interval  of  considerable  width 
»iii  those  in  the  Troy  field,  but  two  unsueeessful  borings  by  Mr. 
bi)etts  in  see.  18,  Bloomfield,  were  earried  into  the  rock  and  throw 
ul)t  on  the  extension  of  flowing  wells  across  the  interval  between 
p  wells  in  Farmington  and  those  in  western  vSouthfield  township. 
lere  may,  however,  be  only  a  local  pinehing  out  of  the  water  bed 
the  place  where  the  Tibbetts  tests  were  made.  Complete  conti- 
lity  of  water  beds  is  hardly  to  be  expected  throughout  an  artesian- 
11  area  drawing  from  the  drift  deposits,  as  is  the  ease  in  the  Troy 
strict.  Water  beds  with  strong  hydrostatic  pressure  are  so  gener- 
ly  distributed  through  the  middle  and  lower  parts  of  the  drift 
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deposits  of  this  region  that  it  is,  on  the  whole,  a  more  surprisi] 
turc  than  the  occasional  failure  to  strike 
supply  or  a  supply  with  sufficient  head  t 

Head. — The  cross  section  (fig.  26)  is 
from  west  to  east  across  the  best  develop 
tlon  of  tlic  Troy  field.  It  takes  the  direc 
the  most  rapid  slope,  which  is  about  at 
angle  with  the  trend  of  the  moraines.  It 
to  sliow  liow  rapidly  the  head  falls  in  ] 
soutlieastward,  there  being  a  decrease  < 
100  feet  iu  the  3i  miles  from  Troy  to  the  ( 
border  of  the  district,  or  nearly  30  feet 
mile. 

There  are  only  a  few  wells  in  which  th 
is  more  than  20  feet,  and  it  probably  a^ 
less  tlum  10  feet  throughout  the  district 
hea<l  given  in  the  table  is,  in  most  cases, 
the  height  above  the  surface  at  which  \^ 
escaping  from  the  pipe,  for  means  were 
hand  for  testing  the  full  head  at  the  ti] 
other  observations  were  made. 

The  catchment  area  for  the  wells  is  li 
embrace  a  wide  extent  of  high  country 
northwest  and  not  merely  the  nearest  m 
ri<lge.  The  ridge  which  lies  east  of  River 
may,  however,  have  a  water  table  high  < 
to  produce  greater  head  in  the  flowinj 
east  i)(  it  than  tliev  would  have  if  this  ridj 
absent  and  a  plain  extended  from  the  J 
wells  to  tlie  ridge  west  of  River  Rouge 
liigh  aliitudo  of  tlie  water  table  in  this  < 
ridge  may  also  give  the  wells  south  of  Bi 
ham  head  enough  to  jlow,  for  it  will  bo  ol 
that  the  wells  there  have  somewhat  great< 
than  the  wells  both  to  the  west  and  east 
portion  of  the  ridge  south  from  Birmingh 
pears  to  have  l)e(Mi  form(*d  between  the  E 
Huron  ice  lobes  (the  Erie  lobe  on  its  w( 
the  Huron  on  its  ea^t  side).  The  ridge  may 
fore,  contain  beds  which  dip  to  the  west  as 
to  the  east,  and  distribute  the  water  w 
collects  hi  both  directions.  The  under] 
water  would,  perhaps,  run  westward  froi 
far  as  the  surface  water  does,  or  to  the  v£ 
River  Rouge.  West  from  that  stream  the 
ground  drainage,  like  the  surface  drainage,  is  probably  southeas 
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Structure  of  drift, — The  well  owners  and  the  drillers  state  that 
Jie  drift  is  composed  very  largely  of  blue  clay,  which  is  ordinarily 
soft  or  easily  penetrated  by  the  drill  to  a  depth  of  75  to  130  feet  or 
more.  At  the  base  of  this  clay  is  a  thin  crust,  usually  only  1  to  2 
leet  thick,  overiying  the  water  bed  and  probably  due  in  some  way  to 
the  action  of  the  water.  The  character  of  the  water  bed  is  set  forth 
in  the  tables  below.  In  most  cases  wells  only  reach  the  top  of  the 
"bed  and  do  not  determine  its  thickness. 

Development. — The  Troy  field  will  admit  of  many  more  wells  with- 
<mt  serious  interference,  if  properly  distributed  and  controlled.  There 
are,  however,  a  few  cases  of  the  lowering  of  head  and  decrease  in  flow 
of  wells  as  a  result  of  putting  in  additional  wells.  The  well  of  Mrs. 
EUinwood,  in  sec.  20,  Troy  Township,  is  thought  to  have  thus  affected 
six  other  wells  in  sees.  28  and  29,  for  their  flow  seems  to  be  weaker 
when  this  well  is  flowing  full  strength  than  when  it  is  shut  off.  The 
well  of  W.  Erity,  in  River  Rouge  Valley,  in  sec.  2,  Southfield,  when 
allowed  to  flow  to  its  full  capacity,  seriously  affects  the  flow  of  the  wells 
along  the  bluff  of  thie  river  in  that  vicinity  and  was  only  checked 
after  suit  was  brought  against  the  owner.  Some  wells  appear  not  to 
have  returned  to  their  original  strength  now  that  the  flow  of  this  well 
has  been  lessened.  This  shows  the  great  need  of  putting  strong  wells 
under  control  as  soon  as  made. 

Aside  from  the  Birmingham  public  supply,  the  principal  uses  made 
of  the  flowing  wells  are  the  application  to  the  needs  of  house  and  stock 
and  dairies.  The  water  holds  a  temperature  of  about  50°  F.  through 
the  summer  and  serves  admirably  as  a  cooler  for  milk  and  other  dairy 
products. 

Quality. — The  principal  variation  in  quality  is  that  of  saltness, 
the  eastern  portion  of  the  field  being  characterized  by  salty  water 
in  many  of  the  wells,  while  the  western  has  in  all  cases  compara- 
tively fresh  water.  The  line  at  which  the  change  occurs  runs  about 
north  and  south  not  far  from  the  electric  road  from  Troy  to  Royal 
Oak.  The  saltness  of  the  water  in  the  eastern  part  of  the  district 
seems  likely  to  be  due  to  the  escape  of  salt  water  into  the  drift  from 
the  underlying  rock  formations.  A  well  in  sec.  23,  Troy  Tow^nship, 
strikes  salty  water  in  sandstone  at  about  100  feet  from  the  surface. 
Other  wells  near  by  go  to  greater  depths  without  striking  rock,  but 
they  may  have  struck  into  valleys  in  the  rock  filled  with  sand  that 
receives  the  salt  water  from  the  rock.  In  one  place  a  salt  spring  is 
reported  to  gush  up  to  the  surface,  but  was  not  visited,  as  it  is  in 
the  midst  of  a  marsh.  Mr.  Lcw^is  has  made  analyses  of  one  well  in 
the  salt-water  and  one  in  the  fresh-water  area.  The  amount  of  the 
salt  in  the  former  (the  Lamb  well)  is  more  than  10  times  as  great 
as  in  the  latter  (the  Buttolph  well),  which  is  considered  fresh,  though 
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it  has  more  salt  than  is  usually  found  in  flowing  wells  from  the  glacifi 
deposits.     The  following  are  the  two  analyses: 


Partial  analyses  of  well  vxiiers  in  Tray  district^  Oakland  County. 
[Parts  per  million.] 


Color 

Iron  (Fe) 

Chlorine  (CI) 

Carbon  dioxide  (CO,K. 
Sulphur  trioxide  (SO|) . 


1 

1 

!22 

% 

'          2 

2.5 

: : ; : :        i  2^ 

2,829 

97. « 

1   101.97 

0 

10 

1 

S.  J.  Lewis,  analyst.    1.  J.  Buttolph,  sec.  22;  depth  90  feet;  called  fresh  water.    2.  Cyrus  Lamb. 
ROC.  23;  depth  122  feet;  salt  water:  Udden  reports  depth  87  feet. 

Wells. — The  following  tabulated  data  on  flowing  wells  were  col- 
lected by  Mr.  Udden;  they  embrace  also  wells  in  isolated  districts: 


Wells  in  Troy  flowing-well  district. 
STERLING  TOWNSHIP  (T.  2  N.,  R.  12  E.). 
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r.  Gratopp !  v.m 

R.  A.  Lamb 1897 

W.  Schneider...'  1903 

J.  Henshaw I 

J.  Aldrieha.        I 


('.  Sullivan I 

F.  B.'lly ' 

do.' ' 

(\  Harris ' 

J.  Mea.selb ' 

J.  Drnnison. .  .  .' 

J.  Buttolph I  1.S78 

I  A.  Graves ' 

I  J.  Scott I  1S97 

I  (?)  ' 


±750 
750 

10 

!    670 

iOfiO 
±(t50 

ma 

(>(').''> 
a-io 

fioO 
070 
070 
070 
()70 


aso 

090 
700 
(^90 
70ii 
(i70 
740 
090 
090 

700 


.> 

m 

Gnavpl.. 

+  2 

«.s 

Hifdjiih- 

2. 

92 

,.,-do,.. 

-h  2 

« 

Do. 

2 

Ifl 

..,.do... 

-^  2 

« 

3.fl 

Hftr^Mrm. 

2.5 

+  2 

4» 

Hfci^. 

1*5 

9!^ 

OraveJ,, 

■fU 

ig 

Do. 

?.a 

...do... 

-f  2 

49 

Do. 

2 

8fl 

....do... 

+  * 

43 

Do. 

2  5 

, 

+-  3 

4fl.a 

1.5 

2-5 

«s 

Grjtvi'J.. 

+-  2 

40 

Do- 

3JV 

^^ 

....do.,. 

4-  2 

49 

.7ij 

Do.    ^ 

2.5 

...do... 

+*  a 

49 

1.6 

a&H;  h*rd. 

'2.h 

»5 

„,-dn,.. 

+  a 

49 

llflrd.      , 

'l.h 

..,.do... 

-h  2 

49 

Salt:  h*r4 

^  r> 

^-2 
-hi* 

4P 
49 
40 

Do. 

5 

Hard:  ul^ 

2h 

Gmvei., 

Do. 

5 

H5 

....Oo... 

-<-l8 

4S,S 

Do. 

3  5 

no 

...,d*i,.. 

4-1^ 

46.6 

2.b 

Do. 

2.  ."j 

-{ 

4-15 
+  2 

> 

Do, 

fl 

m^ 

GrnvnL. 

+  7 

49 

nanl. 

2,5 

la.*) 

....do,.. 

+  3 

4& 

Do. 

?  ^ 

4P 

Do. 

■7.^ 

::::::::::::::::  ::::::i 

00. 

2Ji 

K4 

+  2 

Do. 

'L^ 

K.-)  .  Gnivel_. 

+  2 

«l 

Do, 

5 

or)    ._.dfi-,. 

-H  :? 

« 

Do. 

2.JV 

9.->  [  Hjind.... 

-hlO 

4^ 

Do. 

IJ* 

^  ? 

40 

HiLrd;ftni 

t 

S2  i  anivit.. 

,,-4. 

+  2 
,.. 

41) 

n 

DiJ. 

a  Blue  clay  26  feet,  hardpan  2  feet,  gravel  2  fen't. 
i>  Blue  clay  75  feet,  hardpan  5  feet,  gravel  5  feet. 
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Wells  in  Troy  ficwing-weH  district — Continued. 
TROY  TOWNSHIP— Continued. 


1 

•*si'- 

40- 

Owijer. 

1    1 

□ 

1 

63 

1.1 

1 

5 

1 

Water 

bod. 

, 

i 
1 

Quality, 

11 

SE. 

SE. 

SE, 

NE. 
8W. 
NW 
Kw; 
xw. 

NE. 

BE. 

;  BE. 

8E. 

aw, 

NW. 

sw. 

KE, 
NW. 
NW. 
NE. 
NW. 

SE. 
NE. 
SE. 
flW. 
SE. 
NW. 
SW. 
NW\ 
NK. 
BE. 
NE. 
BE. 
8W. 
SE, 
NW. 
NW. 
SW. 
SW. 
NE. 
NW. 
NW, 
NE. 
NE. 
KW. 
BE. 
NE. 
NW. 

aw. 

NW. 
NE. 
NE. 

SE. 
SW. 
BE. 
SE. 
8E. 
NW. 
NW. 
SE. 
NE. 
NW. 
8W. 
NE. 
NW. 

NE. 
SE. 
NE, 

Mr.  LakEY 

7(3ft 
760 
730 
740 
7« 
725 
730 
710 
72* 
COO 
(SO 
6M> 
TOO 
710 
680 
IM) 
580 
«7i 

«ni 

650 

mso 

6W 
670 
70O 
710 
715 
OHO 

■mo 

740 

7-2n 
710 
720 
7-ift 
74fJ 
750 

TfiO 

73J> 
740 
700 

'm 

7R,'j 
7fi.'i 

rwo 

(B)0 

(*> 
(?» 

710 

In. 

2.5 
i 

2,5 
2.5 
2.^ 
2.S 
2.5 
2.5 
2.5 
2,S 
2.5 

2,5 
2.fi 
2.5 
i.5 
2.5 
3 

rs 

h 

:*.5 

2..t 
2,.^ 
2.5 
2,5 
2.S 
2,5 
2.5 
2.5 
2.5 
2  5 
:?  5 

:vrN 

2  5 
2.5 
2.5 
^,5 
4 

2,5 

2,5 

2,5 
2.5 
2,.S 
2.5 
2..'i 

zry 
2,5 

Ft. 

Ff. 

'^F, 

GQtU. 

IT, 

a  Butler 

Sohoolhousc 

Km.  ElUawood. 
C.  Ford.        ..  . 

1902 

110 
125 
112 
117 
112 
HO 
HO 
llfi 
130 

Grav*!, . 
...do... 

+  2 
+10 

+  a 

+  2 
+  2 

+  a 

+  2 
+25 
+  7 
+30 
+  10 
+  10 

+  a 
4-  a 

+25 
+  10 
+  2 
+  3 

+  2 
+  2 
+  5 
+  1 
+  2 
+  2 
+  2 
+  2 
+  2 
+  15 
+  2 
+  2 
+  1 
+  2 
+  10 
+  24 
+  2 

+  a 

+  2 

+  a 

+17 
+  2 
+  2 
+  10 

+  s 

+  3 
+  2 
+   4 
+  £?) 

^(n 

-  \i 

-  1 
^  0 

45 

40 

« 

4S.5 

40 

4D 

4& 

4fl 

48.5 

4n 

4S.5 

4J 
40 

40 

4S.B 

40 

# 

40 

40 

40 

40 

4P 

4^ 

40 

4H 

4© 

40 

4J 

iS-5 

43 

49 

4isi 

^t 
40 
40 
4ft 
40 
40 
4S.5 

}4Q 

^40 
4fr 
40 

.5 

3 
1 

a 

1.5 

1  ~ 

2 
3 
4 
2 
5 

a 

3 

a     ' 

4 

,5 

,5 

.5 

.75 
1,5 

.5 
I 
2 

.25 
3 
2 
3 
3 

1.5 
2 
1 

2.5 
5 
4 
2 
1 
1 
2 
10 
5 
3 
2 

2 
2 

Hard;  Iron* 
Do. 
Do. 

T 

OraveJ. . 
....do,,, 
.,,.do... 
....do... 
.,,.do... 
....do... 

Hard, 

31 

W.  TninsboJlii,, 
F.  Foi4 

Do. 
Hard-lnm. 

Tl 

AduB*  fifitatQL . , 

Do. 

W.TTuesdelt... 
nilJ^B«ek»r,.. 
S.  DoEialdson , . . 

1H74 

lesi 

Do. 
Do. 

Hard. 

1 

E.J.  Lock*..,. 
E,  ]>eanilAO'ti  k  .  - 

1^ 

110 
IW 
13ft 
00 
93 
ITO 
130 
130 

m 

flO 

«7 
U5. 

i06' 

lis' 

113 

no 

135 

\'m 

130^ 

lift 

Sand.... 

...do... 
....do.,. 
,.,.do.., 

...do... 

Sand.... 
....do... 

GrftTel., 
...do,,, 
.,.,do... 
...do,,. 
...,do... 
....do,,. 
.,,,do... 
,...do.,. 

Do. 
Do. 

n 

A.  Baflej'..... 

Do. 

JohnBottolptw. 
A.  B.  WattkL.. 

1803 

Do, 

Do. 

A.  W^ftjf^r,.... 

FiedParfcfl..... 
J.  ScbnPideF 

mb' 

Hard;  Mftlt 
Do. 
Do. 

tl 

ChiLS.  Smllfi,.., 

Do. 
Do. 

a 

Cu  Lamb      ...,. 

Do. 

II 

Cieo.  Lamb  '.... 
A.  Lamb....... 

tmi 

Do. 
Do. 

»     fiW. 

II^HUdflbraTid.. 

TTftrdjlTon* 

21    HW. 

A.Oibbs....... 

Mr  HeiT 

1^ 

Hard;  iflJt. 
Hard. 

S     KW. 

Jan.  Pbinipa 

Do. 

11 

NW. 

HE. 
NW. 

Mi  tea  l>(^wrT  /. . . 
Tom.  Hoyrl.,.., 
M.  Spenwir 

1803 

Gravol,. 
.,,,do... 
,..  do.,, 

GriivnL, 

Oravpi., 
,.    do... 

Do, 
Hard:  lalt. 
HardMron, 

Jfl 

J.  Donaldson.,, 



Do. 

»     SE. 

Robtr  flmvi^a..   . 

Do. 

28 1    SE. 
21;    NE. 

A.  ^f.Toild 

IflOO 

Do. 
D". 

3^.    NK. 

do  .., 

TT.  Trtrkfi.. 



Do. 
Hiird. 

% 

aw. 

NE. 

KE- 
SW. 
NW. 

NE. 

'   NE. 

NE. 
KW, 

Gi'o,  Dnvrsotl,,. 

Hard;  Iron, 

11 

W.  llrrtots 

aso" 
17.*; 

170 

00 
ft5 

117 
11.^ 

ia5 
us 
no 

Gra^TL, 
...do... 
,,,.do... 
....do... 

...-do,,| 

,,,do... 

...do... 
...,do... 
....do... 
.,..do.., 
....do... 
.,,,ilo,., 
.,..do... 

Do, 

tl 

Cha*?.  Moom 

M.  Gmvf>-^..... 

V,  Lamtjort, 

M.  Addlaon..... 

A .  Davtdsc^ti , . . . 

l§8f) 

Do. 
Do, 
Dci. 
Do. 
/Salt;  bard; 

EfraB^il*>y*,.. 
Jr  DGiuilflon. ... 

if4eo 

\    iron, 
Hard^lron. 
Do, 

a 

F.D.  Cutting,,, 
W.  M,  Han..... 

jwa 

Do. 
Do. 

1 

W.  Fffkins..,.. 

Prt. 

J.  IL  Jjw'kson. 

Do. 

V.  Jfrtrfd  *.,,.., 

Do. 

|i..^,«.  I 

Chaa.  Leonard  /. 

•Blue  clay  107  feet,  bardpan  2  feet,  gravel  4  feet. 

*  Bliie  clay  100  feet,  quicksand  10  feet. 

'Blue  clay  135  fwt,  bardpan  2  feet,  gravel  3  feet. 
■^Bloe  clay  130  feet,  bardpan  3  feet,  gravel  7  feet. 
'Sandstone  97  to  115  fcot. 

/Blue  clay  108  feet,  bardpan  1  foot,  gravel  3  feet. 

PSand  3  feet,  pebbly  yellow  clay  17  feet,  i)ebbly  blue  day  97  feet,  bardpan  10  feet,  cemented  gravel  ryl 
M.  clay  30  feet,  gravel  6  feet. 

*  Blue  clay  85  feet,  gravel  5  feet. 

'Blue  clay  116  feet,  bardpan  1  foot,  gravel  1  foot. 

i  Gravel  and  clay  13  feet,  i)ebbly  blue  clay  37  feet,  soft  blue  clay  50  feet,  bardpan  7  feet,  gravel  1  foot 
wdpan  7  feet,  gravel. 
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WdLs  in  Troy  flomng-^weU  cfMfncf— Continued. 
BLOOMFIELD  TOWNSHIP. 


1 

sw. 
ew, 

HW. 
NW. 

NE. 

NE. 

NW, 

40. 

Owner, 

id 

1 

d 

^ 

J 

1 

Water 
bed. 

, 

j 

i 

r 

ilUM^T 

25 

NE. 

aE. 
aw. 
m\\ 

NE. 

Nwr 

Dt^troit  United 

Railwuy. 
FrflnkQragllnfl. 

l»fi 

T4S 

738 
740 

733 

733 

±7m 

733 

2.5 
2.6 

100 

40 
40 
44 

38 

« 

,.,.do,.. 

...do... 

.,..do,,. 

....do-_. 

,,..do.-. 

ft. 

+u 

£0 
&l 

m 

4ft 

'Ift 

4D 

3 

2 

3 

a 

4 

1 

5.30 

7Fi 

D4 

Id 

Hf.  Jaoohn  f 

Dfc 

3« 

as. 

M 

J,  N.  Zimmer- 
man. 
E.T.  Btooka*,* 

1B8Q 

Da. 
Da 

M 

M.M.  Fiaboi-r.. 

Da. 

an 

BLnnlnsliam 
Wfit«irwDrlu(5 

4 

4£ 

Qr»v(^.. 

I>0. 

ROYAL  OAK  TOWNSHIP  <T. 

1  N.,  R.  11  E.). 

8W. 

sw, 

NW. 

SW. 

sw. 

NW. 

NW. 

aw. 

VE. 

NE. 
NW. 

P,  BlmotiOflJi 

7« 
730 
745 
740 
740 
73& 

2.5 
2.5 

m 

126 

„,-do... 
...do-.. 

,...do... 

+  3 
+  3 
+  3 

+  « 
+  3 

49 
4i 

4S 

40 
« 

3 

Z5 

IS 

Hitd. 

Mr.  HoostATdQ... 

Do. 

8.  Cfwipor,, .,,., 

D&. 

W.  Hunt*. 

,._,do' 

Do. 
l>a 

A..  Brandway. . . 

SOUTHFIELD  TOWNSHIP  (T. 

1  N..  R.  10  E.). 

1 

NW. 
NW. 
NW. 
SW. 

NW, 
NW. 

NW. 
NE, 
NE. 
BE. 
NE. 
NE. 
BE. 
BE. 
NW. 
SE. 
NW. 
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8E. 
BW. 
NE, 
NW. 
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SE. 
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NE. 
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'  fis 
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715 
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1.5 
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2.5 

2.5 

2.5, 
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2.5, 

2.5 

2.5 
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2.5 

2.5 

a' 

3.5 
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53 
*5 
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■m 
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97 
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m 

142 
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00 
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....do.,. 
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...do.,. 

n  ravel.. 
....do.,. 

....do... 

....do._. 

.,„do._ 

...do.,. 

....do... 

....do... 

....do... 
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....do.,, 

....do... 
....do.., 
...Aa..^ 
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+  13 
+  3 

IJ 

+Z^ 

+  a 

+  3 

+T 
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£1 
A3 

4S.5 

4Q 

53 

49 

49 

« 

3 

m 
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10 
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13 

1 
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3 

3 

7 

W.  Erity 
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J.IIi'th/ - 
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r.  Moon?,.,..,. 
UfA.  MtlConnc^r. 
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Da 
Do. 
Do. 
Do. 

7 

J.  Crftwiofd., . . 

Do. 

? 

Cash  C  WW  ford.. 

Do. 

3 

3 
o 
11 

W.Erlty 

....do... 

W.Maflter...... 

do.,.., 

F.  Young* 

1!^ 
t§87 

Do. 
Do. 
DO. 
Da 
Da 

11 
12 
12 
% 

C.MiDcinaJd... 

.r,  D,  Evans 

Ap  r.  Hlomhi"!^. 
J,  Bflsiiott. . 

im 

Do. 
Da 
Da 

W.M^itmtt.... 
J.  Millori 

imo 

1fl04 

H*rd,lrtMi. 

FARMINCJTON  TOWNSHIP. 


13 

NW. 

NW. 

13 

SW. 

NW. 

23 

NE. 

NE. 

A.  B.  Coleman. 

do 

H.  Rockwoll... 


1904 


1874  ! 


^.J 

1  Gravel.. 

53 
53 
53 

1 

740 

1 

740         1 

30 

"• 

.5 

a  Blue  clay  38  feet.  (?ravel  2  feot. 
6  Blue  clay  40  Icet,  gravel  8  leet. 
c  Blue  clay  40  feet,  gravel  4  feet. 
d  Blue  clay  36  ieet,  gravel  2  feet. 

*  Has  4  other  flows. 
/  Has  3  other  flows. 

9  Five  flows;  head+ 14  feet  (or  to  747  feet  above  tide) .    Yield  7.'i0,000  gallons  daily. 

*  Blue  clay  155  leet,  hard  pan  4  feet,  gravel  o  feet. 
« Blue  Clay  115  leet,  hard  pan  4  feot.  gravel  0  feet. 

i  Bine  clay  138  loet,  gravel  2  feet,  a  small  flow  at  113  feet,  about  }  gallon. 

tday  pretty  soft  138  Iflet,  hardpan  4  feet,  gravel  18  fwt.  , 

*  '^ — I  and  gravel  5  leet,  blue  clay  40  feet,  quicksand  75  feet  more  or  less,  hardpan  20  feet,  gn"^ 
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AVON   TOWNSHIP    (t.  3    N.,  R.   11    E.)." 

In  addition  to  the  waterworks  wells  (see  p.  182)  the  village  of 
Rochester  has  two  flowing  wells,  one  on  the  property  of  the  Detroit 
Jt^ted  Electric  Railroad,  in  the  valley  of  Paint  Creek,  the  other  on 
Jj.e  property  of  the  Barnes  paper  mill,  near  the  mouth  of  Paint  Creek, 
^l:>out  one-tliird  mile  from  the  railway  well. 

The  railway  well  was  made  in  1903  and  obtains  water  from  sand 
^t  98  to  100  feet.     It  has  a  head  of  18  feet  and  discharges  4  gallons  a 
xninute.     The  water  is  hard  and  contains  iron.     The  temperature  is 
51°  F. 

The  paper  mill  well  was  made  in  1878  and  obtains  its  supply  from 
:  gravel  at  a  depth  of  150  feet.  The  water  rises  to  20  feet  above  the 
I  surface  or  about  750  feet  above  tide.      It  discharges  5  gallons  a 


R.ll  E. 


■-  .'.1 


''i<5.  27.— Mjip  of  Rochester,  Oakland  County.  nm\  vicinity,  showing  distribution  of  flowing  wells. 

^^inute  of  hard  water,  contaiiiinsr  some  iron.  It  is  probable  that  tlie 
dumber  and  area  of  flows  could  be  extended  some  distance  from 
Rochester  along  the  valleys  of  Paint  Creek  and  Clinton  River,  but 
the  expense  of  sinking  wells  to  depths  of  100  to  150  feet  is  so  much 
greater  than  that  required  to  ol)taiii  surface  water  that  few  attempts 
We  been  made  to  obtain  flowing  w(»lls. 

There  are  flows  in  the  southern  part  of  Avon  Township,  in  w^hich 
Rochester  is  situated,  l)ut  they  are  in  anotlier  district,  separated  from 
thewellsat  Rochester  by  a  prominent  niorainic  ridge  and  may  belong 
m  the  Troy  field.     The  wells  are  tabulated  with  the  other  wells  of 


"  r.y  Jon  A.  Udden. 
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Avon  Township,  simply  for  convenience  of  reference.     A  boring) 
sec.  20,  which  failed  to  reach  rock  at  213  feet,  also  ap])ears  in  I 
table,  since  it  shows  the  great  amount  of  drift  present.    It 
shows  tliat  flows  are  not  always  obtained  when  the  altitude  is  a 
to  neighboring  wells  that  flow. 

WelU  in  Awm  Towruhip  (T.  S  *V.,  E,  11  E,). 
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\    ti  inn     I    flonj^ 
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3.5 


150 
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+  13 
+  1« 


+ao 


+  7 
+  3 
+  3 


OWlL 


Do. 


Hitd;!iB 


a  No  Tock  Struck  or  flow  olitntnrcL 

'>  Blue  clay,  90  foot;  hard  bhic  cky,  54  ffi«C;  gnvel^  3  fnt. 


WATER  SUPPLIES  OF  MACOMB  COUNTY. 

By  Frank  Lkvkuett, 
CiKXlTHAL   STATKMENT, 

Macomb  (\nintA%  of    wliich    Mount  Clemens  is  the  county  se^t, 
fronts  on  the  west  sliore  of  T^ake  Si.  Chdr,  and  is  nearly  all  tributary 
to  Clinton  River,  there  l)einti:  only  n  narrow  strip  on  the  shore  of  Lat* 
St.  Clair  not  tributary  to  tliis  streanK     Tlie  entire  county  has  been 
covere<l  by  jrlaeial  lake  waters  except  al>out  50  square  milea  in  thff 
nortliwest  corner  where  prominent  moraines  rii^e  above  the  highest 
old-lake  level.     Then*  is  a  weak  nioniine,  known  as  the  Detroit 
moraine,  ninning  through  the  lake  jjlain  in  the  eastern  part  of  thfi 
county.     It  t2:overns  the  course  of  Nortli  Cliiitim  Kix*er,  which  foUofl^ 
its  western  ed;j:e  for  several  miles,  and  also  o^overns  the  course  of  tb® 
main  river  for  a  short  distance  before  the  latter  receives  its  nortl* 
fork. 

The  lake  plain  is  not  covered  extensively  with  sand,  except  in  th^ 
southwestern  ])art  of  the  county.     Usually  the  soil  and  the  materia'- 
penetrated  in  wells  is  a  stiff  day,  in  which  are  thin  l)e(ls  of  gravel  anc^ 
sand,  from  which  wells  obtain  water.     In  the  sandy  tracts  water  i^ 
usually  obtained  at  the  base  of  the  sand,  at  depths  of  only  10  to  20 
feet.     The  wells  in  the  clay  are  often  but  25  to  30  feet.     There  are, 
however,  places  in  nearly  every  township  where  water  can  not  be 
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ind  at  less  than  50  feet  and  in  soma  cases  100  feet  or  even  more. 
i  the  morainic  tracts  in  the  northwestern  part  of  the  county  are 
reral  wells  more  than  100  feet  deep,  but  even  there  wells  generally 
d  water  at  depths  of  25  to  50  feet. 

Waterworks  have  been  put  in  at  Mount  Clemens,  New  Baltimore, 
chmond  (including  Lenox),  Armada,  and  Romeo.  New  Baltimore 
aws  its  supply  from  Lake  St.  Clair,  but  the  other  towns  depend 

wells  as  indicated  below. 

Flowing  wells  are  obtained  on  the  St.  Clair  shore  along  some  of  the 
•earns  and  in  a  part  of  the  lake  plaiil  in  Armada,  Ray,  and  Wash- 
^on  townships,  which  lie  east  of  the  high  moraines  noted  above 
d  are  probably  supplied  from  these  moraines. 
But  few  wells  in  the  county  enter  rock,  and  these  are  nearly  all 

Mount  Clemens  and  south  from  that  city  on  the  border  of  Lake 
.  Clair.  The  Mount  Clemens  wells  are  several  hundred  feet  in 
pth  and  obtain  brines  used  in  sanitariums  and  bath  houses,  which 
ive  become  so  highly  patronized  as  to  give  the  city  the  name  **bath 

The  following  statement  oonceming  the  development  of  the  wells 
as  furnished  by  T.  M.  Crocker,  an  attorney  at  Mount  Clemens: 

The  first  well  was  drilled  about  1867  and  is  now  known  as  the  "original  well."  It  was 
led  for  some  years  as  a  salt  well,  but  by  accident  its  curative  properties  were  ascertained 
id  a  small  bath  bouse  was  erected  and  used  while  the  waters  were  still  being  used  for  the 
iirposc  of  manufacturing  salt.  This  well  is  now  used  wholly  for  bathing  purposes  in  a 
en-  large  bath  house  connected  with  the  Avery  House  and  the  Egnew.  The  second  well 
as  drilled  some  time  about  1883  or  1884  below  the  first  well,  and  the  water  taken  in  pipes 
•  tho  central  part  of  the  city  and  used  in  the  Medea  Bath  House,  which  is  connected  with 
be  iShemian  House.  Then  there  was  a  third  well  made,  called  the  Fountain,  which  is 
onoected  with  the  Fountain,  Clifton,  and  Crystal  hotels  by  tunnel  and  covered  way.  The 
Durtli  well  was  constructed  by  KeilTer  &  Buregard,  a  very  fine  bath  house  built,  and  a 
ommodious  hot^d  connected  vAih  the  same.  The  fifth  was  constructed  by  Mr.  Coursin, 
nd  the  Fenten  House  is  connected  with  this.  The  sixth  well  was  made:  then  the  Colo- 
li&l  House  and  Sanitarium  were  constructed  and  connected.  Each  bath  hoiLse  is  large  and 
ommixlious  and  the  management  of  each  is  in  all  rcsj^'cts  fii-st  class. 

The  flowing  wells  along  the  shore  south  of  Mount  Clemens  have  only 
ntered  rock  in  a  few  cases  and  liave  penetrated  it  a  very  little  dis- 
ance.  The  water  from  near  tlie  top  oT  tlic  rock  is  sufliciently  frosli 
0  be  used  in  drinking  and  is  softer  tlian  tlie  water  from  the  drift. 
salinity  increases  greatly  if  wells  are  continued  far  into  the  rock. 
Wis  in  other  parts  of  the* county  that  have  reached  rock  find  in  it 
vater  rather  salt  for  drinking. 

WATKKWOKKS. 

MOUNT    (^LKMENS. 

The  waterworks  plant  of  Mount  ('lemons  is  supplied  from  a  group 
>f  22  wells  ranging  from  25  to  41  feet  in  depth,  situated  hi  Clinton 

"  For  sections  of  tht«s«  wolls  wo  (^'olo^v  of  Michigan,  vol.  5,  and  for  analyses  ol  the  water  aeo  Water- 
up.  and  Irr.  Paper  No.  .11,  U.  8.  (Jeological  Survey,  1899. 
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Kiver  Valley  in  the  southern  p^rt  of  the  city.  One  dug  in  the  sumnur 
of  1004  has  the  following  section,  reported  by  the  driller,  Geoije 
Rocker:  Muck,  2  feet;  gravel,  4  feet;  sand,  2  feet;  blue  clay,  4 feet; 
hardpan,  2  hei;  blue  clay,  4.5  feet;  hardpan,  10  feet;  water-beariog 
gravel,  6.5  feet.  It  is  the  bottom  gravel  that  furnishes  water  toiD 
the  wells,  some  l)eing  driven  into  it  farther  than  others. 

The  works  were  established  in  1S89,  and  for  a  time  Clinton  River 
water  was  used,  but  this  proved  to  be  subject  to  contamination,  and 
a  filter  bed  that  was  put  in  is  reported  by  Dr.  V.  C.  Vaughan,  of  the 
I'niversity  of  Michigan,  to  have  served  as  a  culture  bed  for  difiease 
germs.  The  wells  have  accordingly  been  substituted.  Their  location 
however,  on  the  downstream  side  of  the  town  seems  very  uninat. 
Water  is  pumped  direct  to  the  mains  and  gives  an  ordinaiy  pressure 
of  50  pounds  and  a  fire  pressure  of  100  pounds. 

NEW    BALTIMORE. 

The  public  supply  at  New  Baltimore  is  pumped  from  Lake  St.  Clair 
to  a  standpipe.  Many  private  wells  still  in  use  range  in  depth  from 
<s  to  24  feet,  with  a  coiiunon  depth  of  20  feet.  Rock  was  stnick  at  120 
feet  in  a  deep  boring  made  some  years  ago  in  prospecting  for  oil.      ; 

KKMIMOXD    AND    LENOX. 

The  villages  of  Richmond  and  Lenox,  which  are  virtually  one  com- 
munity, in  iiortheastcTU  Mueomb  County,  have  a  public  supply  from 
(IrivtMi  w(*lls  ]'M)  to  150  feet  in  depth  which  obtain  .water  from  gravel. 
The  water  is  puinpe<l  to  a  standpipe.  The  plant  was  established  in 
IS!).")  Ill  a  cost  of  SUKOOO.  The  private  wells,  which  are  10  to  25 feet 
deep,  an*  largely  (liscardcMl. 

In  the  following  partial  analyses  a  <'omparison  is  made  between  the 
public  supply  anil  the  shallow  well  belonging  to  the  proprietor  of  th^ 
hotel  at  Lenox.  The  shallow  well  seems  to  be  heavily  contaminated, 
hut  fortunately  it  is  used  for  watering  stock  only.  The  data  wer< 
furnished  by  M.  ().  Leighlon,  of  the  Tnited  States  Geological  Survey 

Puriiaf  anaiijsfM  of  mif  utittrs  at  Wnhutomt  ami  Ijcnor. 
[Paris  jMT  iiiillidii.l 
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lIjir«lrM»s5  Cu.s  CaCO,! 1,19+  1W+- 

S.  T.  l^-wis,  nnalylst.    1.  City  niipply;  depth.  120fo(>t.    2.  F.  Spriiighorn;  di'pth,  10 foot. 
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ARMADA. 

aterworks  supply  at  Armada  is  from  a  flowing  well  94  feet 
I  and  6  inches  in  diameter,  with  a  head  of  16  inches.  One 
nn  was  struck  at  15  feet,  another  at  40  feet,  and  the  third 
ipal  vein  at  90  feet.  Water  is  obtained  in  gravel  at  each 
The  casing  is  driven  about  40  feet  to  exclude  the  upper  vein, 
erworks  plant  was  established  in  1903,  at  a  cost  of  $20,000. 
nps  have  a  capacity  of  750,000  gallons  a  day  and  give  42 
pressure.     The  water  is  soft  enough  to  be  used  without  the 

of  softening  compounds. 

)ub]ic  supply  has  supplanted   most   of  the   private   wells, 
ere  15  to  25  feet  deep,  and  often  obtained  water  at  the  base 
ravel  in  the  Belmore  beach  upon  which  the  town  is  built. 
Tan  Atta,  of  Armada,  has  a  flowing  well  in  a  shallow  sag,  the 

which  will  rise  7  feet  above  the  surface.  It  is  a  2-inch  well 
deep  and  has  been  running  since  1897.  The  water  is  soft 
race  of  iron.     It  is  cased  with  tile  for  28  feet. 

can  probably  be  obtained  on  the  lowest  ground  in  and 
the  village  of  Armada,  but  only  these  two  have  been  reported. 

IIOMEO. 

-aterworks  supply  of  Romeo  is  from  four  wells  26  feet  deep 
ine  about  a  mile  south  of  the  village.  This  plant  was  estab- 
1S02,  at  a  cost  of  $36, 000.  The  water  is  pumped  direct  to 
US  and  has  an  ordinary  pressure  of  60  [)()unds  and  fire  pres- 
100  pounds.  Shallow  wells  arc  still  in  use  within  the  city 
hough  they  seem  an  element  of  danger,  the  village  having 
experienced  an  epidemic  of  typhoid. 

ollowing  are  partial  analyses  from  shallow  wells  at  Romeo, 
I  being  furnished  l)y  M.  ().  Leigh  ton,  of  the  United  States 
•al  Survey: 


Partial  anabjfus  of  wtfU  fralers  at  Romeo. 
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The  following  data  concerning  supplies  in  villages  havir 
wutorworks  have  been  largely  obtained  by  correspondence. 
villages  are  taken  in  alphabetical  order. 

In  the  vicinity  of  Center  Line,  in  the  southwest  part  of  the  co 
wells  are  usually  dug  to  a  depth  of  10  to  16  feet.  These  wells 
fail  in  dry  seasons,  and  some  difficulty  has  been  found  in  g< 
water  by  driving  deeper.  Several  tubular  wells  about  100  h 
depth  have  been  made. 

At  Disco,  in  the  western  part,  of  the  county,  on  a  beach  line, 
are  obtained  at  20  to  30  feet,  and  there  is  seldom  occasion 
deeper.     The  largest  supplies  are  at  30  feet. 

At  Fraser,  in  the  southern  part  of  the  county,  wells  are  gen 
12  to  20  feet,  but  some  have  been  driven  to  100  feet.  In  dn' 
the  shallow  wells  often  fail,  and  water  is  drawn  from  Clinton 
in  wagons  a  distance  of  2  miles.  The  deep  wells  alsi)  are  in 
cases  easily  exhausted.     The  best  supplies  are  found  at  about  0 

Near  Koseville,  in  the  southern  part  of  the  county,  there  ar< 
low  wells  20  feet  in  depth.  Kock  is  struck  at  100  to  150  feet. 
ordinarily  penetrate  yellow  clay  10  to  25  feet;  blue  pebbly  cl 
to  50  feet;  blue  day  like  putty  with  verj'  little  grit,  20  to  oi 
either  sand  or  gravel  and  water,  or  a  hard  clay,  that  reaches 
rock.  The  best  su])plies  are  from  about  90  fe4?5t.  As  ind 
l)elow,  ilowinj:  wells  are  ol)tanied  from  this  gravel  and  fro: 
rock  in  the  tract  lying  between  Koseville  and  the  shore  of 
St.  dair. 

At  rtica  wells  are  commonly  about  25  feet  with  a  head  of  ^ 
below  the  surface.  Kock  is  struck  at  about  200  feet  on  low  g 
in  Clinton  Kiver  Valley  (615  feet  above  tide)  in  a  deep  boring 
in  1S90.     Two  flowing  wells  at  this  village  are  discussed  below 

At  Waldenburg  wells  are  commonly  50  feet  in  depth,  wnth  j 
25  feet  below  the  surface.  Deeper  wells  are  liable  to  strike 
water. 

Warr(»n  uses  shallow  wells  1 2  to  20  feet  for  the  main  supply,  s 
mented  bv  cisterns.     Water  is  hard   to  t)l)tain  in  the  clav 
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FLOWING  WEL.L.8. 

BRUCE   TOWNSHIP. 

ngle  flowing  well  has  been  obtained  on  the  farm  of  Frank 
in  the  XW.  }  sec.  22,  in  the  central  part  of  Bruce  Township 

M.,  R.  12  E.),  in  the  northwestern  part  of  Macomb  County. 
2-inch  well  36  feet  deep,  has  a  head  of  about  10  feet,  a  flow 

lUons  a  minute,  a  temperature  of  49°  F.,  and  has  been  running 

897.**     It  is  situated  near  the  eastern  border  of  a  prominent 
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no,  which,  within  a  mile  west,  rises  to  a  height  of  more  than 
'et  above  the  well  mouth.  Jt  is  ])rol)nl)le  that  the  moraine 
;  as  a  catchment  area  from  which  wells  along  its  east  ])or(ler 
ipplied.  It  is  also  pr()h}ii)le  that  wells  located  in  sags  or  low 
of  this  border  of  the  moraine  will  obtain  a  flow  at  moderate 
s. 

a  Data  (..U.'tt.-.l  l.v  Jon  A.  I'ddrn. 
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The  flowing  wells  o{  this  district  were  examined  by  Mr.  Uddra. 
The  flows  are  ohtained  in  the  lake  plain  east  of  the  moraine  thit 
traverses  the  central  portion  of  Washington  Township  in  a  noitii- 
northoast-southsouthwest  course  (see  fig.  28).  Two  are  reported  br 
Uddeu  in  the  soiitheasteni  part  of  section  2,  Washington  Towi)shi|), 
back  of  the  Belniore  beach,  at  an  altitude  about  775  feet  above  tide. 
The  otliers  reported  by  him  are  below  the  forest  beach  in  south- 
eastern  Washington  and  southwestern  Ray  townships  at  an  altitude 
al)out  675  feet.  There  are,  however,  flowing  wells  between  the 
Forest  and  Belmore  beach  at  an  altitude  of  700  feet  or  more  thit 
were  overlooked  by  Mr.  Udden.  Indeed  conditions  seem  favorable 
for  obtaining  ilows  over  much  of  the  plain  lying  between  the  Belmore 
and  Forest  l)each  if  wells  are  carried  to  sufficient  depth  to  strike  bede 
wh()S(^  catchment  area  is  in  the  elevated  country  to  the  west.  The 
flowing  wells  noted  l)y  Mr.  Udden  in  southeastern  Washington  and 
southwestern  Ray  townsliips  are  shallow,  and  perhaps  have  a  near-by 
catchment  area  on  the  j)lain  west  of  them  rather  than  on  the  more 
distant  moraine.  The  water  is  hard  and  contains  iron  in  notable 
amounts. 

The  wells  in  Ray  Township  are  from  gravel  under  clay. 

The  wells  in  section  2.  Washington  Township,  are  from  sand  under 
clay,  and  had  a  head  of  10  feet  when  struck.  The  well  in  section  36 
p<MU'trnt(Ml  the  following  beds:  Yellow  pebbly  clay,  20  feet;  blue 
clay.  IS  fcc^t :  hard|>an,  2  feet:  gravel  and  water  at  bottom. 

WJh  in  Washiu,jtoii-Rnii  tlisfricf  [T.  .}  A'.,  Rh.  12  and  13  E.). 
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I'TirA    AKEA. 

The  village  of  I'^tica,  in  western  Macomb  County,  is  largely  buiU  ' 
the  valley  of  Clinton  River,  and  wells  are  obtained  at  verymodef** 
depths.  Mr.  Udden  reports  that  the  village  has  two  wells  sunk 
considerable  depths,  both  of  which  flow  and  have  a  head  of  about 
f(MM.  The  surface  is  30  feet  below  the  railroad  station  and  616  tc 
al)ove  tide.  The  flrst  well  stnick  the  flow  in  gravel  below  hard  bot* 
der  clay  at  a  depth  of  152  feet.  Xo  accurate  data  were  obtained  co 
cerning  tlu*  other  well,  except  that  it  had  a  similar  section  and  hea 
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The  flowing  wells  obtained  at  this  village  have  a  head  lower  than 

-iJi&e  plain  bordering  Clinton  River  at  that  point.     It  is  unlikely,  there- 

^ore,  that  flows  can  be  obtained  in  this  vicinity  except  along  the  river 

-valley.     There  are  two  flowing  wells  in  the  west  part  of  Steriing 

Township  (in  which  Utica  stands)  that  belong  in  the  Troy  flowing- 

^rell  district,  but  no  flows  have  been  obtained  between  these  wells  and 

XJtica.     The  table  for  Sterling  Township  wells  is  presented  with  other 

wells  of  the  Troy  field  (p.  192). 

LAK£    ST.  CLAIB    SHORE.*' 

On  the  plain  bordering  Lake  St.  Clair  in  Macomb  and  southern 

St.  Clair  County,  wells  which  are  sunk  nearly  to  the  bottom  of  the 

glacial  drift  and  also  wells  in  rock  have  head  sufficient  to  flow  when 

j     in  the  valleys  and  sags  and  lowest  parts  of  the  plain,  but  lack  a  few 

[^    feet  of  flowing  outside  these  low  places.     The  majority  of  the  flowing 

wells  are  found  within  2  or  3  miles  of  the  shore  of  Lake  St.  Clair,  but 

in  the  vicinity  of  New  Haven  they  are  found  at  a  greater  distance. 

They  are  also  found  in  Clinton  River  Valley  several  miles  from  its 

mouth  in  a  district  back  of  the  Detroit  moraine.     This  latter  group 

should  perhaps  be  considered  as  separate  from  those  on  the  plain  east 

of  the  Detroit  moraine. 

In  southern  Macomb  County,  near  Roseville,  the  flows  are  found  at 
50  to  100  feet  in  gravel  beds  beneath  a  stiff  clay,  and  are  mainly 
within  2  miles  of  Lake  St.  Clair.  The  water  is  soft  enough  in  some 
cases  to  use  for  washing  without  the  addition  of  softening  compounds, 
and  is  even  preferred  to  rain  water.  There  is  generally  sufficient  iron 
present  to  coat  material  over  which  the  water  flows.  A  few  wells 
enter  the  rock  at  about  100  feet.  The  water  from  the  rock  is  likely 
to  be  salty,  and  in  some  cases  can  scarcely  be  used  for  drinking. 

Mr.  Charles  Barth,  of  Roseville,  who  furnished  tlie  principal  data 
eonceming  this  part  of  the  St.  Clair  shore,  reports  a  decrease  in  head 
and  in  volume,  attributed  to  the  large  draft  made  by  tlie  numerous 
WelLs,  both  flowing  and  pumped.  He  also  states  tliat  flowing  wells 
^'hich  have  been  entirely  shut  off  showed  a  reduced  flow  when 
^opened.  Barometric  conditions  seem  also  to  afl'ect  the  rate  of  flow. 
Probably  the  strongest  well  in  this  vicinity  is  that  of  Bnino  Couchez, 
in  the  north  part  of  sec.  14,  Aaron  Township,  which  is  reported  to 
have  discharged  about  2  barrels  a  minute  when  first  made,  and  would 
shoot  a  jet  into  the  air  from  the  top  of  a  pipe  10  feet  al)ove  the  surface. 
TTie  well  has  a  depth  of  90  feet.  Ordinarily  the  water  rises  but  3  or 
4  feet  above  the  surface  and  flows  a  weak  stream.     In  some  cases 

«The(lata  from  the  St.  Clair  district  an?  very  mo  igor,  allliough  two  sitU'nipts  weru  ma-lo  to  obtain 
them.  Mr.  Udden  was  instructed  t(»  oovor  this  field  but  stat^'d  that  h*'  failed  to  find  any  flowing  wells 
thftPB.  Mr.  Cooper  afterwards  was  dotuiled  to  oolleet  the  data.  i)ut  seems  to  have  colleetod  da  ta  of  only 
*few.  He  submitted  a  brief  report  base<l  upon  testimony  of  persons  who  chanced  to  know  something 
of  the  subject.  The  present  discussion  is  liased  partly  on  the  data  obtained  by  Mr.  Cooper  and  partly 
on  infonnation  obtained  through  correspondence. 
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|)um|)s  hav(»  Imhmi  attached  to  wells  that  have  a  head  only  1  foot,  and 
as  t  \\v  head  IxMomes  lowered  many  more  will  have  to  be  supplemented 
hy  pumps,  for  only  the  strimji:  flows  on  the  lowest  ground  seem  likely 
to  lon^  coiitiiuK*  eflicient. 

Alonji:  North  Fork  of  Clintcm  River  are  a  few  flowing  wells  from 
drift.  One  of  i\w  most  interesting  wells  is  that  of  Mr.  Alfred  Little, 
near  Clinton  Kiver,  ahont  2  miles  northwest  of  Mount  Clemens.  The 
well  peiietratiMJ  \'M)  feet  of  elay  and  there  stnick  a  black  mucky 
<le|)nsi(.  a|)|)arently  an  old  soil,  beneath  which  wa.s  a  harder  clay  than 
that  ai)ov(\  The  w(»ll  was  continued  to  173  feet,  when  gas  was  struck 
which  thn»\\  up  sand  and  gravel  and  a  stream  of  water  to  a  height  of 
LM)  f«»et  al)ov(»  the  surface.  The  gas  soon  escaped,  however,  and  the 
wat«M"  dropjXMl  to  (>  feet  below  the  surface."  The  flowing-well  bolt 
along  Clinton  Kiver  continu(*s  northward  through  the  east  em  part 
of  Maconih  Township,  tlu»  northernmost  well  reported  being  on  the 
farm  of  A.  U.  (Ireen  in  s(H'.  :]. 

In  Chest (MJii'ld  Township,  which  lies  east  of  Macomb,  several  flow- 
ini^  wells  have  i)een  oi)tained  :\  to  5  miles  from  the  shore  of  Lake  Si. 
dnir.  One  on  the  Jorl  Ilart  farm  in  sec.  7  has  been  running  for 30 
years.  ( )\w  on  the  I).  L.  Welier  farm  in  sec.  30  is  imly  22  feel  deep. 
(MM)ri:e  Fnller  has  one  of  similar  depth  in  sec.  19,  and  wells  in  that 
vicinity  nie  i^n'nerally  oi)taine(l  at  less  than  30  feet,  whether  flowing  1 
or  no! .  t 

In  New  H;i\(Mi  \illa;r(»  iwo  shallow  flowing  wells.  One  at  the  rosi- 
.l«n.'r  -»f  M.lwin  Collins  in  the  north  |)art  of  the  village  is  22  feet,  rtinl 
i-  !V..!!i  n  iMiick  ^.'UuIn  L^ravf'l  nn<ler  a  sh(»et  of  clay.  Mr.  Cooper  est i- 
:':;iii'-  \\\i]\  ,lir  ;n-,'a  in  New  Haven  in  which  flowing  wells  can  be 
•  •i»:'"in'J  i«^  11. >,  111*. re  ih:in  «»n«^-^i\th  of  a  s((uare  mile.  There  is  also 
i«']>i.ii'tl  ii»  he  ;i  llowinu  ^^eli  one  mile  south  of  New  Haven.  Ono 
iiiil«-  -oiiih  ;in«l  'J  miles  c.-i^t  of  New  llavtMi  is  a  salt  spring,  and  Nntliin 
:i  -l.Mii  .li^iain-r  I'mm  the  >|»rinL',  a  ll(»wing  well  11  feet  dee]>.  with 
I'rc^h  w  MUT. 

Ai)oin  ;;  niilr>ra>t  of  New  llav<M\  i^.  a  L^'onp  of  flowing  wells  havii^ 
<le|)ih>  of  SO  lo  loi)  f(M'(.  They  are  disi  rihnted  over  a  strip  ad)oiit  »^ 
niih'  l<»nu,  nonhwesi  tosoulheast. 

In  Casco  T«»wn>hip.  St.  Clair  Connty.  lo  the  east  of  New  Haven,  ix' 
j)1m('<'>  wells  are  diilienh  to  ohiain  and  borings  have  been  carried  t* 
ihr  n»ck.  whieh  is  si  ruck  at  1(U)  to  200  iVei.  The  water  from  the  roct 
i>  i)ra<ki>h,  nnd  the  farnuM's  have  a<'ei)rdini:ly  ronsinicted  cisternr 
and  reser\oirs  which  are  lilhul  with  rain  watei'.  Brackish  wat(T  \y 
>aiil  i«>  have  been  .struck  at  the  .New  IIav<»n  depot  at  US  feet  and  2 
niile^  wrsi  nf  New   Haven  at  ]'M\  feet. 

Near  the  >hore  of  Lake  wSt.  Clair,  at  Fairhaven  and  north  of  Anchor- 
viilc.   Ilow^  have  been  obtained.     Cephas  Rose  has  a  flow  at   Fair- 
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..flLven.  August  Kreisel  has  one  north  of  Anchorville,  and  there  are 
'^her  flows  about  Ih  miles  east  of  Anchorville.  The  Kreisel  well  is 
25  feet  deep  and  the  others  80  to  100  feet. 

Several  wells  near  Anchorville  have  more  or  less  gas  with  the  water. 
JDL  one  case  gas  was  struck  at  22  feet,  which  was  burned  for  sometime 
kimd  served  the  fishermen  for  a  guiding  light.  One  mile  west  of 
Luchorville  gas  comes  up  a  short  distance  offshore  and  the  water 
'Here  is  reported  not  to  freeze  in  the  coldest  weather.  If  confined  in 
k  barrel  it  will  bum  for  some  time.  Mr..  Wagner  at  Fairhaven  struck 
^flts  sufficient  in  amount  to  serve  as  light  and  fuel  for  a  year  in  his 
li*'elling. 

WATER  SUPPLIES  OF   ST.  CLAIR   COUNTY. 

By  Frank  Leverett. 

GENERAL.  STATEMENT. 

St.  Clair  County,  of  w^hich  Port  Huron  is  the  county  seat,  has  its 

eastern  front  on  Lake  Huron  and  St.  Clair  River,  and  its  southern 

front  on  Lake  St.  Clair.     Its  northeastern  part  is  drained  by  Black 

River  and  its  main  tributary,  Mill  Creek;  its  central  part  by  Belle 

River  and  Pine  River,  and  its  southern  end  by  small  streams.     The 

county  is  largely  lake  plain,  though  moraines  in  the  northern  part 

rise  above  the  highest  level  of  the  glacial  lake  which  formerly  covered 

the  region.     There  are  strips  of  sand  and  gravel  along  the  old  beaches, 

but  aside  from  these  the  surface  is  generally  a  stiff  clay  both  on 

I  tlie  moraines  and  plains.     The  clay  is  not  interbodded  with  gravel 

I  and  sand  to  a  sufficient  extent  to  supply  wells  at  all  points  in  the 

I  county,  and  in  nearly  every  township  borings  have  been  carried  to  the 

^)ck  without  striking  any  water-bearing  gravel.     On  the  wlu)le  St. 

Clair  is  one  of  the  most  poorly  supplied  counties  in  the  State,  although 

the  water  where  obtained  in  the  drift  is  generally  of  good  (jiialitv,  and 

the  water  from  the  upper  portion  of  the  rock  is  not  generally  too  salt 

for  drinking.     The  distance  to  rock  ranges  from  about  40  feet  to  200 

M  and  more,  with  a  general  average  of  about  125  f(»et. 

There  are  several  small  flowing-well  districts,  one  l)eing  located  in 
Columbus  Township  near  Ilickey,  another  at  wSniiths  Creek,  and 
another  at  North  street,  while  sv-attered  flows  occur  over  the  southern 
^'n^l of  the  county  and  along  tlie  valleys  in  the  northern  and  western 
parts. 

W  ATKKWOHKS. 

Public  water  supplies  have  l)een  installed  at  Port  Huron,  vSt.  Clair, 
%onac,  and  Marine  City,  all  of  which  utilize  St.  Clair  Kiver.  The 
^ages  of  Yale  and  Capac  obtain  public  supplies  from  tlriven  wells. 
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CAPAC. 

There  is  a  strip  along  the  eastern  base  of  a  morainic  ridge  runninj 
from  Capac  to  Yale,  where  conditions  seem  favorable  for  obtainini 
flowing  wells,  but  so  far  as  ascertained  only  one  has  as  yet  beei 
obtained,  that  of  Bert  Aldrich,  in  the  eastern  edge  of  Capac.  Thi 
well  has  been  flowing  for  about  fourteen  j^ears.  It  is  onty  16  feel 
in  depth,  and  has  a  diameter  of  12  inches.  In  dry  seasons  it  occa- 
sionally stops  flowing  for  a  few  weeks,  so  that  water  has  to  be  dipped 
from  it.  In  the  past  three  years,  however,  it  has  been  flowing 
nearly  all  the  time. 

Tlie  drift  in  Capac  is  from  90  to  more  than  150  feet  in  depth, 
the  difference  being  due  largely  to  the  unevenness  of  the  bed  rock 
surface.  Indeed,  the  thickest  drift  is  in  the  sags,  for  the  drift  was 
not  quite  sufficient  to  completely  fill  the  old  valleys.  The  drift  in 
and  near  Capac  is  largely  a  compact  blue  till,  with  thin  and  irregularly 
distributed  deposits  of  sand  or  gravel  interbedded. 

Tlie  waterworks  wells  are  n  the  southwestern  part  of  the  village 
and  have  been  carried  a  few  feet  into  the  rock,  which  is  struck  at  90 
to  100  feet.  The  water  stands  10  to  15  feet  below  the  surface,  but 
a  reservoir  or  large  w^ell  has  been  made  into  which  the  wells  flow. 
The  supply,  both  from  the  drift  and  the  rock,  appears  to  be  rather 
scanty  in  these  wells  and  also  in  other  deep  wells  in  the  village. 

Several  wells  in  the  village  have  a  decidedly  salty  taste,  among 
wliich  is  one  at  Hotel  De  Burt,  though  in  this  well  rock  was  not 
reached.     The  waterworks  wells  have  a  barely  detectable  salty  taste. 

The  following  is  a  partial  analysis  of  water  obtained  in  the  sand- 
stone i)y  the  city  well  at  Capac,  The  data  were  furnished  by  M.  0. 
Lei<!:lit()n,  of  the  Ignited  ^States  Cieological  wSurvey. 

Partial  analyffis  of  well  u^attr  at  (^ajmc. 

Parts  per  million 

(^olor 19 

Iron  (Fr) .7 

Clilorino  ( ri ) 29. 3 

Cftihon  (lioxido  (CO,) 85. S 

Sulpliiir  trioxido  (SO,) 81 

I lurdiuss  {(;a( '().,) 1394 

S.  J.  Lowi>.  anaiyst.     Depth.  1(K)  fort. 

YALE. 

The  villaire  of  Vale,  in  the  northern  part  of  St.  Clair  Count; 
stands  partly  in  the  valley  of  Mill  Creek,  which  here  flows  betwec 
two  morainic  ri(l<2:es  and  j)artly  on  the  outtT  slope  of  the  easteJ 
moraine.  Flowin<j:  wells  have  been  obtained  only  in  the  creek  valle 
at  a  level  about  20  feet  below  th<»  husiness  part  of  the  village,  i 
about  775  feet  above  tide.  The  head  is  barely  suflicient  to  afford 
flow,  being  only  \\  feet  at  the  waterworks.     Th(»  flowing  Veils  consis 


st/olatr  county.  207 

of  a  group  of  five  at  the  waterworks  and  one  private  well  sunk  by 
Daniel  Ferguson.     The  waterworks  wells  are  6  inches  in  diameter, 
85  to  90  feet  in  depth,  and  were  made  in  1898.     They  are  all  con- 
nected by  one  large  pipe  with  the  pumps,  and  not  allowed  to  flow. 
About  15,000  gallons  a  day  is  the  ordinan^-  consumption,  and  this 
draft  holds  the  water  about  11  feet  below  the  surface.     When  extra 
demands  are  made  for  lawn  sprinkling  or  in  case  of  fire  the  head  is 
drawn  down  to  20  feet  or  more.     The  water  is  from  a  gravel  bed 
beneath  blue  clay.     Water  in  the  Ferguson  well  rises  to  12  feet  above 
the  surface  of  the  ground,  about  the  same  height  as  the  waterworks, 
or  9  feet  more  than  the  waterworks  wells.     Its  depth  is  445  feet, 
but  the  water  comes  from  a  fine-grained  micaceous  sandstone  of 
greenish-blue  color,  probabh'  Berea  sandstone,  at  a  depth  of  230  to 
245  feet.     Below  this  was  a  shale  formation  and  no  increase  of  water 
supply.     Tlie  temperature  is  49.6""  F.     The  drift  is  225  feet  and  the 
following  beds  were  penetrated : 

Reconi  of  Fergiiwn  well,  Yale. 


8»nd  and  gravrl 

Blae  cUy 

Bowkfcr  IjchI 

Sand  Ainl  (rravoll J'  drift  (very  little  wuti>r) ' 

Blue  shalp i 

SMdstone  (Boifa  grit?) ' 

Ught-colonnl  shalo | 


ThicknoHs. 

Total. 

Feet. 

Feet. 

50 

fiO 

30 

80 

8 

88 

137 

•225 

5 

2;« 

I'i 

245 

•2n) 

445 

A  boring  at  the  waterworks,  in  progress  in  October,  1<)()4,  pene- 
trated a  similar  amount  of  drift,  and  the  section  dillVred  only  in 
larking  the  bowlder  bed  below  the  blue  clay.  The  flow  of  water 
wrs  struck  in  the  same  sand  and  gravel  that  supplies  the  waterworks. 
In  this  well  the  sandstone  that  supplies  the  Ferguson  well  is  appar- 
ently reduced  to  a  single  bed  6  inches  thick,  in  which  no  water  was 
obtained.  A  boring  in  the  north  part  of  Yale  at  a  canning  factory, 
on  irround  SIO  feet  above  tide,  or  35  feet  nbove  the  waterworks, 
*'a.s  sunk  to  a  depth  of  S9.S  feet,  but  obtains  its  main  sup])ly  from 
the  sand  and  gravel  in  the  lower  part  of  the  drift,  tlie  rock  being 
^liale  as  far  as  penetrated.  The  water  is  22  feet  l)elow  the  surface, 
practically  the  same  as  at  the  Ferguson  well,  its  level  in  both  being 
'"^^feet  above  tide.     The  drift  IhmIs  are  as  follows: 

Record  of  iifU  (if  Villi  raitn'ma  farfonj. 

TJnrkii.ss.         lotnl. 


l"'*y'y.lrifi,  rath«»rhunl  t<»  p«-n<'iniir <>.'); 

wwidiT.-  U^ls ...  -JO  I 

>*nrUndjtrrtv«'i  with  wattT 1«)  ! 
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Below  are  «:iveii,  for  comparison^  partial  analyses  of  water  from 
the  shallow  waterworks  well  at  Yale  and  from  the  deep-rock  weD  of 
D.  Fertjuson.  An  analysis  was  made  of  this  water  by  Doctor  Vaugfaan 
at  Ann  Arbor,  which  showred  it  to  be  dangerously  p>olluted.  Mr.  S.  J. 
Lewis,  who  visited  the  locality  and  made  the  present  analyses,  sUtei 
that  the  water  is  pure  and  that  the  contamination  reported  miut 
have  been  due  to  the  use  of  a  contaminated  vessel  in  shipping  th 
sample  to  Ann  Arbor.  The  data  were  furnished  by  M.  O.  Leighton, 
of  the  Ignited  States  Geological  Survey. 

Partial  aualyKex  ofweU  vxUers  at  YaU. 
I  Tart «  ix»r  niiUion.] 


Color 

Inm  (») 

Chloriin'  a'l » j      121.  & 

('arl>oii  tlioxitU'  (('(>ii ""  "' 

Sulphur  Trioxith'  t S(  )3) 

1  lunlin'ss  (us  C'a  COa ) 


32 

M 

.&    1 

LS 

121.  & 

79 

83.76  ! 

tt.1 

30       1 

« 

1»+ 

»+ 

S.  J.  Tx'wis.  jnuUyst.    1.  City;  dopth.  70  f «•<'!.    2.  D.  Fi^iipinon;  dnpth.  22AfM*t. 

3iis('KLi.ANi:<>rs  viixa<;e  supplies. 

("it\i  and  rillatje  ttupftliM  hi  St.  Clair  County. 
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FIX>WING  WELLS. 


EAST    GREENWOOD   DISTRICT. 


North  of  East  Greenwood,  in  the  northeast  comer  of  Greenwood 
iwnship  (T.  8  X.,  R.  15  E.),  St.  Clair  County,  and  the  southeast 
mer  of  Fremont  Township,  Sanilac  County,  is  a  group  of  shallow 
>wing  wells.     The  pool  is  restricted  to  a  narrow  strip,  apparently 
»t  more  than  one-half  mile  wide,  which  runs  from  the  southwest 
irt  of  sec.  36,  Fremont  Township,  in  a  course  south  of  east  to 
lack  River  Valley,  in  sec.  6,  Grant  Township.     The  wells  are  all 
Fremont  and  Greenwood  townships,  but  there  are  springs  in  the 
Drthwest  part  of  Grant  Township  which  seem  to  be  fed  from  this 
ool.     The  wells  either  side  of  tliis  pool  go  to  much  greater  depths 
ban  the  flowing  wells  before  finding  water,  and  have  a  much  lower 
lead.     The  flowing  wells,  as  indicated   in  the  table  below,  are  but 
12  to  25  feet  in  depth.     They  are  all  hard  water  and  strong  in  iron, 
ind  so  are  the  springs  in  sec.  6,  Grant  Township.     One  well  carries 
a  small  amount  of  oil.     The  wells  are  on  a  plain  about  80  feet  higher 
than  the  neighboring  part  of  Black  River  Valley,  or  730  feet  above 
tide.     This  plain  rises  gradually  westward,  reaching  an  altitude   of 
770  feet  at  the  border  of  the  Yale  moraine,  3  or  4  miles  from  the  wells. 
The  elevation  of  the  crest  of  the  moraine,  which  is  some  3  miles 
farther  west,  is  820  to  830  feet.     The  shallowness  of  the  wells  may 
suggest  a  catchment  area  close  at  hand,  or  at  most  no  more  distant 
than  the  Yale  moraine;  but  the  fact  that  the  wells  and  springs  are 
so  hard  and  so  strong  in  iron  is  thought  to  be  an  indication  of  a 
somewhat  distant  source,  and  may  also  indicate  that  the  water  rises 
from  considerable  depths  through  breaks  in  the  chiy.     The  field  is 
too  hmited  to  throw  light  on  the  catclinient  area  through  the  study 
of  the  difTerences  in  head  disphiyed  in  passing  across  the  district. 
Some  difTerences  in  head  are  chiinied  by  residents,  but  the  measure- 
ments were  not  taken  with  sufficient   care  to  warrant  any  deduc- 
tions.   The  wells  with  lowest  temperature  in  this  field  are  those  with 
most  rapid   flow.     The   temperature   at   l)ottom   is   prol)ably  about 
48'  to  49.5°  F. 

Welh  in  the  Easi  (rretnwood  district. 


Hart  of  siH'tlonJ 


*■' ,  SE. 


Ownor. 


1).  N<'<'hni«'r. 


3'\  S\V.  i H.  PaliTH'tirr 

*"'    SE.  comer. . . 
I    NE.J 


NE.  i 


1    N.  part L.  Nichols . . 


Gooi^i'  Eastoii 


of  time    ivpth.    \i;-r     '■■ 

}Vr;r.f.       I-Vct.      CtnUons. 
1  •->.-.  ()-■_> 


*':«E.  i J.  nUlock 


D.  Schpll 1.-.+ 

Jost'ph  Kaston  .  ..        1.')-^   ' 


14     ('h(.k.' 


aliin?. 


licinarks. 


'><)..')     Water   piimiHMl    from 
H  f.H't  .l.'pth.     Dug 

I     !♦■•  fo.-t:    Ixirc.l  •>  feet. 
4S. ')  \  Dili:  an<l  ciirlK'M:  \va- 

!    t(>r  fscap<'s  into  ditch 

!    at  level  of  snrfac<'. 

StopjM^d     flowing    ]>o- 

caiis*'  choked. 
4'.». '»     PMows  \-ineh  stn'am. 
r.l         Dug   well,   niled   with 

1      eobhlestonoa. 

Head    nearly   at    siit- 

1     face. 
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Xorth  S(re(t  ifiation.--Thvre  is  a  narrow  strip  about  2  miles  long 
noar  North  Street  station  in  T.  7  X.,  R.  16 !E.,  where  shallow  flowinj 
w(»lls  are  obtained ,  as  indieated  in  fig.  29.  The  residents  along  tba 
road  that  leads  north  and  south  past  this  station,  through  sees.  1,12, 
and  l.S.  found  it  vory  diilieult  to  obtain  water  at  their  dwellings,  and 
some  of  them  were  hauling  it  from  I^ake  Huron,  when  by  chance  it  vm 


R.  16  E. 


Fici.  !".».     M.ip  >li'iwin|,'  Pl:itiims  m"  llovinj:  wi-lN  in  l'ly«I<'  ro\vii>hiii.  St.  C'lalr  County.    Sha^ltHl  a 
Plin-i-'iit-*  p:irt  of  I'nrt  miron  rii<>riiiiii<  >i:iii>li'iL' .m>'>\     Ih"  o|«I  liike  1**vi«1. 

found  that  llowiiit^  wells  could  he  ohtained  in  the  ])aek  part  i>f  th< 
farms  ahmj;:  the  \vesi(»rn  edj^e  of  thest*  s(M-t  ions.  Tlie  <rn>und  rises  rapid 
fn>m  tlie  road  hark  to  these  \v(»lls,  l)ein<r  (>:'>.■)  to  {\M)  feet  above  ti 
al«>n.ir  the  road,  and  <)<>()  t«>  OO")  at  the  wells.  (\)n.se(|uently  the  he; 
is  sullieient  to  j)ermit  pij)infr  the  water  to  the  dwellings.  The  depth 
the  wells  is  only  It)  feet,  and  five  have  now  been  obtained.  The  first,  • 
the  farm  of  John  Aitkin,  in  see.  i:i,  was  made  about  20  years  a^o,  b 
the  others,  on  farms  of  Ci.  W.  Davidson,  (leorge  Loekwood,  Charl 
Lewis,  and  George  l^ane,  have  been  made  within  five  years.     Th 
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go  through  a  bed  of  clay  and  strike  water  in  sand.  The  wells  are 
some  c&ses  excavated  to  a  depth  of  several  feet  to  form  reservoirs, 
>in  which  pipes  may  be  carried  to  the  dwellings.  The  reservoirs  over- 
»w  into  ditches  that  lead  away  from  the  wells.  The  temperature 
jtober  7,  1904,  was  51^  F.,  which  is  perhaps  slightly  increased  by 
mospheric  heating. 

A  large  sand  ridge  marking  the  shore  of  Lake  Warren  runs  parallel 

.th  this  line  of  wells,  less  than  one-half  mile  distant  on  the  west,  but 

an  altitude  considerably  higher.     On  the  eastern  or  lakeward  bor- 

tr  of  this  sand  ridge  strong  springs  are  issuing.     Immediately  west  of 

e  ridge  and  at  still  higher  altitude  is  the  Port  Huron  moraine.     It  is 

obable  that  the  moraine  and  sand  ridge  constitute  the  catchment 

•ea  for  the  flowing  wells.     The  bed  of  sand  from  which  the  flows  are 

)tained  seems  to  be  a  wedge  between  clay  beds  or  to  die  out  before 

caching  the  North  Street  road.     It  seems  also  to  be  wanting  north- 

ard  from  the  north  part  of  sees.  1  and  2  of  this  township,  for  residents 

irther  north  have  failed  to  find  it  or  to  obtain  flows.     Further  pros- 

ecting  in  that  region  may  perhaps  give  better  results.     If  found  at 

he  sUght  depth  at  which  these  flows  are  obtained  considerable  pros- 

)ecting  might  be  imdertaken  for  the  sake  of  fully  developing  the  field. 

Atkins  district,'' — In  the  valley  of  Black  River,  near  the  mouth  of 

Mill  Creek,  about  1 J  miles  southwest  of  Atkins  station,  a  deep  boring 

sunk  for  oil  obtained  a  strong  flow  of  water  from  the  lower  part  of  the 

glacial  drift  at  a  depth  of  116  to  138  feet.     The  altitude  is  about  625 

feet  above  tide  and  the  depth  833  feet.     The  water  forced  its  way  up 

outside  the  casing,  making  an  opening  around  the  pipe,  the  strength 

of  the  flow  warranting  belief  in  the  existence  of  a  flowing-well  district 

along  that  portion  of  Black  River  Valley.    It  may  extend  up  to  the 

East  Greenwood  district  discussed  above.     The  water  liorizon  here, 

however,  is  much  lower  down  in  tlie  glacial  deposits  than  at  the  East 

Greenwood  pool. 

SMITHS    CKEKK. 

Tliere  is  a  single  flowing  well  at  the  creamer}'  in  the  village  of  Smiths 
Creek  in  sec.  31,  Kimball  Township,  about  8  miles  southwest  of  Port 
Huron.  It  is  in  the  creek  valley  about  10  feet  below  the  level  of  the 
railroad  station,  and  has  insufficient  head  to  flow  at  the  level  of  the 
plain  bordering  the  valley.  The  (low  is  a  gallon  a  minute,  and  the 
^ater  is  hard  with  some  iron.  It  had  a  temperature  of  51°  F.  at  the 
escape  pipe  October  13,  1004,  l)ut  this  may  be  sli<^htly  al)ove  the  tem- 
perature of  the  water  bed.  Th(»  \\o\l  has  Ix^en  made  several  years  and 
is  about  100  feet  deep. 

A  well  at  Hotel  Fisher,  in  Smiths  Creek  village,  at  the  level  of  the 
iilroad  station,  is  60  feet  deej).     The  water  stands  10  feet  below  the 

o  Aim.  Kept.  Stato  (Jcologist  for  11K)1,  p.  278. 
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surface,  and  this  is  said  to  be  representative  of  the  head  in  t 
wells  in  that  vicinity.  The  only  territory  Kkely,  therefore,  u 
flows  is  the  low  land  along  the  creek  valley. 

COLUMBUS   TOWNSHIP. 

In  the  eastern  part  of  Columbus  Township '(T.  5  N.,  R.  15  T 
Clair  County,  1  to  3  miles  southeast  of  Hickey  Station  on  the 
Tnmk  Railroad,  is  a  group  of  11  flo^^'ing  wells,  indicated  in  i 
Tlicy  are  found  in  a  tract  almost  2  miles  long  from  north  to  sout 
about  1  mile  wide,  embracing  parts  of  sees.  13,  14,  23,  24,  25,  a 
The  strongest  flow  is  in  the  valley  of  Rattle  Run  in  sec.  14. 
other  wells  are  on  a  plain  once  covered  by  a  glacial  lake.     The; 

an  altitude  determined  by  aneroid 
to  680  feet,  while  the  one  lowest 
valley  of  Rattle  Kun  is  about  6(: 
above  tide.  The  first  well  was  made 
30  years  ago  on  the  Staley  f  ann  in  th( 
part  of  sec.  24.  It  flowed  for  manj 
with  a  strong  stream,  but  now  i; 
weak,  and  apparently  is  clogged  b; 
or  l)y  incrustations.  The  remaind 
only  a  few  years  old,  and  show  bui 
diminution.  The  water  is  hard  an 
tains  considerable  iron.  The  flov 
from  a  bed  of  sand  or  sandy  gravel 
a  tliick  sluu^t  of  clay.  The  deepes 
pass  at  about  80  feet  into  an  ind 
clay,  which  is  probably  a  sheet  o 
hcct.  The  water  l)eds  appear  to  be 
riic  temperature  of  the  s 


I'li;   '.in.     FIdwiiii;  Wells  iM  Coliiiulnis 
'rowTishiji.  St  (":;ir  ('.>imty. 


older  than   the  surface 

iijxH]  or  within  this  t)ldcr  drift  sheet. 

est  flows  is  about  50^  F.,  which  apparently  rej)resents  the  tempe 

of  tile  water  brd,  and  a<^reos  with  the  general  averages  of  wel 

])eralurcs  in  this  region. 

Tlic  prospects  for  extending  this  area  are  rather  unpromisii 
several  deep  wells  to  th(»  north  and  east  fail  to  get  water  witl 
cient  head  to  flow,  though  those  to  the  east  are  on  lower  ground 
example, Peter  Yei]),  in  sec.  21 ,  T.  o  X.,  R.  1  (*>  Iv,  has  a  well  147  fee 
in  which,  although  the  altitude  is  about  30  feet  lower  than  thes 
ing  wells,  the  water  is  26  feet  below  the  surface.  His  neighbor 
Schaffer,  in  sec.  2S,  has  a  well  120  feet  deep  on  ground  of  simili 
tude  with  water  20  feet  below  the  surface.  Between  there  a 
Clair  River  the  water  is  seldom  nearer  the  surface  than  20  feet 
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Flowing  wells  in  Columbus  Township  (T.  5  N.,R.  15  E.) 


Owniar. 
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S3   Fred  Silk IS94 


C       23'  Geo.  Mackloy 1898 


24'  Brown  farm.. 
24  JohnStaley.. 
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26  S.  Mackley  6.. 
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5d0 
«90 
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WO 
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RemarkR. 


(T)    Hard.. 
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660+ 
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«.5 


i  Iron; 
I  hard. 
..do.. 


Hard.. 
...do.. 


Iron; 

hard. 

...do... 

...do.. 


m    I  Hard. 

I 
50    L...do. 


Water  just  to  sur- 
face. 

Dug  23  feet;  bored 
37  feet. 

Head  near  surface. 

Water  from  sand  un- 
der hard  pan. 

Pump  attached ;  wa- 
ter escapes  arouna 


w^r- 


I 


'eak   flow,   2 J   feet 

head. 
Was  much  stronger 

at  flrst. 
Flows    from    J-in<^h 

nozzle.        Slightly 

saline. 
Discharges       from 

1-Inch  pipe. 
.Several  kinds  of  ma- 
terial penetrated. 


•Section  of  Chase  well:  Clay  rather  soft,  80  feet;  hard  till  of  brown  color,  probably  pre- Wisconsin, 
€fwt:  sand, becoming  coarser  at  bottom, 30 feet.    The  well  became  clogged  and  was  redrilled  in  1901, 
:  The  original  head  was  but  4  feet  and  present  head  is  2  feet. 

» Water  escapes  in  a  ditch  and  Is  not  carried  above  the  level  of  the  surface. 

WATER  SUPPLIES  OF  LAPEER  COUNTY. 

By  Frank  Leverett. 

GENERAL  STATEMENT. 

Lapeer  County,  like  Oakland  on  its  south  border,  stands  in  the  reen- 
trant angle  between  the  Saginaw  and  Huron-Erie  ice  lobes,  and  is 
largely  occupied  by  prominent  inorainic  ridges  which  traverse  the 
county  in  a  curving  course,  convex  to  the  north.  The  southern  end 
of  the  co&nty  has  drift  knolls  which  reach  an  altitude  of  over  1,200 
feet,  but  with  the  exception  of  about  60  square  miles  in  the  southern 
part  of  the  county  which  stand  above  1,000  feet,  the  elevation  is  gen- 
erally between  800  and  1 ,000  feet.  The  moraines  are  separated  by 
valley-like  sags,  from  1  to  5  miles  wide,  which  were  utilized  as  lines  of 
glacial  drainage.  The  southeastern  edge  of  the  county  extends 
slightly  into  the  plain  covered  by  glacial-lake  waters,  and  the  northern 
part  of  the  county  is  traversed  by  the  Imlay  outlet,  a  line  of  discharge 
for  Lake  Maumee,  the  earliest  of  the  great  (ilacial  lakes,  and  now  occu- 
pied by  Flint  River.  With  the  exception  of  a  few  scjuare  miles  in  the 
southeastern  part  drained  by  Belle  River  and  Clinton  River,  and  an 
area  in  the  northeastern  part  drained  by  Cass  River,  the  drainage  of 
this  county  is  tributary  to  Flint  River. 

IBB  182— ()6 15 
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There  is  an  extensive  flowing-well  district  near  Silver  Creek  in  the 
northern  part  of  the  county  and  smaller  ones  in  or  near  Lum,  Bum- 
side,  North  Branch,  and  Columbiaville.  There  is  a  belt  of  flowing 
wells  leading  from  Iladley  southwcstward  to  Ortonville  in  Oaklani 
County,  discussed  by  Mr.  Davis  under  Genesee  County  ;<»  the  otte 
flowing-well  districts  are  discussed  below.  The  flowing  wells  an 
distributed  in  the  sags  between  or  among  the  morainic  ridges  and 
may  perhaps  be  developed  at  numerous  other  points  in  the  county  if 
care  is  taken  to  locate  them  in  depressions  near  the  hills.  In  some 
cases  it  may  be  necessary  to  sink  them  to  considerable  depths,  though 
those  already  obtained  are  usually  found  at  very  moderate  depth. 

At  Imlay  City,  I^apeer,  Lum,  North  Branch,  and  Columbiaville,  and ' 
at  a  few  points  in  the  rural  districts,  wells  have  been  carried  to  the., 
rock,  which  at  these  villages  is  reached  at  depths  ranging  from  50  to 
200  feet.  The  drift  is  probably  300  to  400  feet  thick  in  the  high  points 
in  the  southern  part  of  the  county.  The  western  and  northern  parts 
are  underlain  'by  the  Marshall  sandstone,  which  yields  an  excellent 
water,  but  the  southeastern  part  is  underlain  by  shale,  and  the  water 
there  is  somewhat  saline,  as  may  be  seen  by  reference  to  the  analyses 
of  the  Imlay  City  water  made  by  Mr.  Lewis  (p.  215). 

WATEKWOKKS. 

Only  four  towns  in  the  county  have  public  supplies :  Almont,  Imlay, 
Lapeer,  and  Columbiaville. 

IMLAY    CITY.'' 

Imlay  City  is  situated  on  the  west  edge  of  a  broad  shallow  valley  in 
which  flows  a  small  stream  half  a  mile  or  more  east  of  the  toMTi. 
Within  a  mile  to  the  north  and  west  are  prominent  morainic  knolls. 

The  public  water  supply  comes  from  a  group  of  5  tubular  welLs  20 
feet  apart  in  a  shallow  depression  just  east  of  the  town.  •  Three  of 
the  wells  are  6  inches  and  two  are  4  inches  in  diameter.  All  enter 
bed  rock  and  range  from  155  to  175  feet  in  depth,  with  one  exception, 
which  was  reported  to  be  300  feet  deep.  The  water  is  pumped  to  a  | 
standpipe. 

The  water  is  somewhat  brackish  to  the  taste  and  Is  said  to  be  s) 
corrosive  that  it  can  not  be  used  with  safety  in  boilers.  It  is  used 
to  s(mie  extent  at  the  pumping  station.  It  is  also  rather  hard  and 
deposits  scale  and  is  not  genenilly  liked  and  little  used  because  of  it* 
"mineral  taste,"  the  "  minerar'  l)eing  principally  salt.  The  following 
analysis  shows  its  character: 

aSe<»  W»it4jr-Siip.  and  Irr.  I'himt  No.  ls;j.  b  By  Charii'a  A.  DftTis. 
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Andyns  cf  waUrfrom  pMie  weH,  Inday  CiiyM 

Parts  per  million. 

ToUl  solids 1,580.07 

VoUtiU*  at  ivd  heat 120 

Mineral  matter 1,460.07 

Sodium  (NV) : 508.30 

Chlorine  (CI) 781.73 

Sulphate  radicle  ( 30^) Trace. 

Temporarv  hardnem  by  soap  test 100 

Nitrmtps None. 

Siilritps None. 

Tn-e  ammonia 25 

Albuminoid  ammonia .05 

I)r.  W.  C.  Kedzie,  analyst.     Water  is  Ufla)>1e. 

Following  are  additional  partial  analyses  from  a  deep  and  a  shallow 
T*ell  at  Iinla y  City.  The  water  from  the  deep  w^ell  is  too  salt  for  drink- 
ing except  by  those  used  to  it.  That  from  the  shallow  well,  though 
shdwing  inurh  less  salt,  contains  a  considerable  amount,  probably 
due  to  the  escape  of  saline  water  from  the  underlying  rocks.  The 
data  were  furnished,  by  M.  O.  Leighton,  of  the  United  States  Geo- 
logical Survey. 

Partial  anaiyses  cf  well  waters  at  Imlay  City, 

[ParU  per  million.] 

^^_  J    r'n.-" 

Cn.or , 10  04 

Inm St  rong  1 

trjui*. 

rhIoriiH' 1  ,(W«  '-'.')l. .'» 

rarhnn  <lioxi(lf 74.77  lli.'i.  <»."» 

SiLph.n.-  nifli.li-  (SOj  1 ,  1.V.K57  100. }<l 

H»nii:,ss .• 1^4-     I  l.-ft»+ 


.r .].  I>.ui!*.  arinlyst.     1.  C'ty;  drpth.  IfQ  fivt.    2.  City:  cli«pth.  ISfiH^t. 


This  water  is  used  for  firo  protection,  for  sprinkling,  and  for 
genenil  purposes  by  some  of  the  people,  but  is  not  as  much  used  as  it 
Would  be  if  it  were  freer  from  salt. 

Htcord  of  Imlay  Cify  iraUrirorks  mils. 


Thhknrss.      Totnl. 


Ffft.  Frtf. 

f'kv                                           Hi  111 

^tl'iJ^^'.'/ ".'.'...'.'.['.'.'..'. • :i7  r,:\ 

,"i«al vi'y  •  chiv 10  *<\ 

^^y.-  : H  'I 

^n-l,  nwk,  ami  ijjiv <   ,  M 

M«v  ;ind  saixl i»  I  ^»''5 

Jh.-,V 10  m 

^^afi-^tori'-  and  Htuidstnii*'  to  liottnin  to  watiT.' r»-  l.».i 


a  Kxpp'S*"-'!  l»y  anjilvst  in  grains  piT  piMon  mul  h\p<»th»>t!4-al  it»iui»iiiiitions;  nvoniputi-fl  to  ionic 
•) rr/ J  rtn« I  [wrt.s  jx-r  miflion  at  Unitt^d  Stuti-s  (frological  Survry. 
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] 

j  The  Grand  Trunk  Railway  pumps  water  from  the  stream  ; 

^  east  of  the  town  to  supply  the  water  tank  at  the  station,  not  w 

^  to  use  the  saline  water  of  the  town  supply  in  the  boilers. 

The  wells  of  the  town  are  mainly  shallow,  from  20  to  50  f 
depth,  with  sufficient  water. 
Wells  in  the  country  nearlmlay  City  in  some  cases  reach  c 

■  of  over  300  feet  deep  and  are  not  infrequently  100  feet.  Amoi 
deeper  are  the  following: 

'  Wm.  Snowden,  2 J  miles  northwest  of  Tmlay  City,  in  sec.  6,  T 

K.  12  E.,  has  a  well  335  feet  deep;   made  in  1896;    2-inch 

■  cased  to  rock  at  200  feet;  water  level— 35  feet;  first  water 
feet,  small  vein;  water  soft;  turns  dark  colored  and  then  clei 
at  intervals  of  several  days. 

John  Sisson,  in  sec.  33,* T.  7  N.,  R.  12  E.^  has  a  well  153  feet 
«  made  in  1901;   2-inch  casing  for  84  feet;   shale  at  80  feet;  ] 

rock  at  148  feet;  drift  mainly  sand  and  gravel;  water  levc 
feet. 

Milo  Quirk,  sec.  19,  Imlay  Township,  has  a  well  187  feet 
drilled  in  1891;  2-inch  diameter;  water  level  — 24  feet;  ro 
115  feet. 

LAPEER. • 

The  city  of  Lapeer  is  situated  along  the  sides  of  the  shallow 
of  Planners  Creek  and  spreads  out  over  the  adjacent  rolling  co 
which  is  largely  a  clayey  till. 

The  waterworks  wells  are  located  near  the  bank  of  the  strei 

tlic  lowest  terrace  of  the  valley.     There  are  six,  put  down  in 

all  S  inches  in  diameter.     They  are  in  sandstone  and  are  from 

2iK)  feet  deep,  striking  rock  at  100  feet  from  the  surface,  an 

;  with  a  head  of  about  4  feet.     The  amount  of  water  used  by  tl 

!  per  day  was  given  as  between  500,000  and  600,000  gallons, 

]  tlie  time  the  writer  visited  the  plant  there  was  a  2-inch  o\ 

I  from  time  to  time,  in  spite  of  the  fact  that  the  pumps  were  w 

^  at  usual  speed.     When  pumped  hard,  the  water  is  lowered  to  ! 

below  the  surface.     The  supply  is  ample  for  the  present  needs 

town. 

As  is  usual  in  a  town  of  this  size,  there  are  many  private 
ranging  in  depth  from  a  few  feet  to  nearly  300  feet.  In  the  < 
the  suj)ply  is  obtained  from  the  sandstone,  as  in  the  wells 
waterworks.  The  shallow  wells  are  dug  or  tubular  and  rai 
depth  from  about  20  to  100  feet.  No  flowing  wells  were  foimc 
from  those  at  the  waterworks. 
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lall  sandstone.  The  head  is  6  feet  below  the  surface,  and  the 
are  reported  to  have  a  capacity  sufficient  to  supply  an  institu- 
►f  2,000  (or  2i  times  the  present  number)  for  all  purposes.  The 
'  contains  a  small  amount  of  lime  and  is  of  excellent  quality. 

ALMONT. 

B  village  of  Almont  has  a  tank  to  which  water  is  pumped  and 
for  fire  protection  and  for  sprinkling  streets,  but  is  not  drawn 
for  domestic  use. 

COLUMBIAVILLE. 

3  water  supply  of  Columbiaville  is  in  charge  of  the  manager  of 
eters  estate,  the  plant  having  been  put  in  by  Mr.  Peters.  Appli- 
1  was  made  for  information  concerning  the  plant,  but  was  not 
ed.  Flowing  wells  on  the  Peters  estate  and  at  other  points  near 
ibiaville  are  discussed  below. 

MISCEIiliANEOUS  VILLAGE  SUPPLIES. 

?  data  below  were  obtained  largely  by  correspondence  with  the 
nts  of  the  respective  villages. 

Vaiage  supplies  in  Lapeer  County. 


'ity. 

im. 
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Open  and  driven 
wells. 

Flowing  wells 
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900  I 
870 
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f      860   1 
t      900  i/ 
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f    wells. 
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Driven  wells; 

some  flowing. 
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....do 


Depth 

to' 
rock, 


Ffct. 


140 


50 
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109      . 

{  205  ■  } 
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..do. 
.do. 


branch.  I      CM 


,,4{       « 


212 


8<i8 
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Driven  w  o  1 1  s  . 

with     Hows    in 
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lap\" 
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Feet.     Feet.     Feet. 


10  80  I  -20 


25    -20 

37  37-1-7 


2a5 
(M)  .50     -10 


.50  j 

45 
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4 
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.50 

f-    0 
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\      Do. 
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}      Do. 
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25 

25 
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00 

+  14 
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•    100 
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00 
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20 

20 

40 
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+  2 
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FJ^OWING  WEL.Ii8. 

ATTICA   TOWNSHIP. 

One  well  in  the  south  part  of  Attica  Township  (T.  7  N.,  R.  11  E 
is  reported  by  the  driller,  Cleor«:e  II.  Force,  to  flow  18  gallons  u  mi] 
uto  fr6m  a  2-inch  pipe.  The  water  is  from  gravel.  This  is  in  a  lo 
tract  leading  northwest  and  southeast  between  moraines,  and  oth( 
flows  may  be  obtained  in  it. 

LUM. 

The  village  of  Lum  stands  on  the  inner  or  iceward  slope  of  a  morain 
belt  at  the  border  of  a  low  swampy  tract  in  T.  8  N,  R.  11  E.  At  tl 
border  of  the  higher  land  on  which  the  village  stands,  two  flowio 
wells  have  been  obtained,  one  a  few  yards  south  of  the  railway  static 
on  ground  4  feet  lower  or  867  feet  above  tide,  made  by  Williai 
Bentley,  the  other  at  the  condensed  milk  factory  about  one-eight 
mile  southwest  of  the  railway  station  at  about  the  same  altitude  a 
the  station.  They  were  made  about  1895.  Each  enters  rock  a  fe^ 
feet,  and  the  water  is  not  so  hard  as  \yater  from  weUs  in  the  glacii 
deposits.  They  difl'er  slighth'  in  temperature,  the  Bentley  well  bein 
49.5°  F,  and  the  milk  factory  well  50°.  They  differ  also  a  few  fee 
in  depth,  the  Bentley  well  being  116  feet  and  the  other  104.5  fee 
The  milk  factory  well  is  stronger  in  iron  than  the  Bentley.  1J 
original  head  of  the  Bentley  well  was  15  feet,  but  it  may  not  be  sogreti 
at  present.  The  rate  of  flow  has  greatly  diminished,  and  is  now  bi 
5  quarts  a  miimte.  The  milk  factory  well  flows  still  less  or  about 
quarts  a  minute.  The  wells  were  largely  through  blue  tiU.  .Tli 
rock  is  apparently  sandstone. 

The  extent  of  this  pool  has  not  been  tested,  but  it  seems  probabl 
that  flows  may  be  obtained  along  the  low  ground  both  to  the  nort 
and  to  the  southeast  of  the  village  if  the  wells  are  carried  to  the  reel 
Possibly  the  drift  will  yield  flows,  for  the  elevated  land  south  and  we^ 
of  the  lowland  should  give  high  pressuie  to  waters  that  pass  into  i 
and  flow  toward  the  lower  country  on  the  northeast. 


Wells  at  Lum  {T.  8  \.,  R.  U  EX 


maue.  ^   cier.  niinut*. 


Wm.  Bpiitloy 1«»5 

Milk   coiuh-'iiKing  fac-    

lorv. 


Ffct.   I  Iiichts. 
110  i  2 

\04i'  2 


Feel. 

+  ir> 
+  ? 


GaUonsi 


Tcm- 
pcra- 

tUPD. 


49..') 


Remarks. 


Water  soft  with  littlp  ircn. 
Strong  In  iron  and  hartie 
than  Bentley  wull. 


BUKNSIDK    TOWNSHIP. 


This  pool  emlmices  a  group  of  about  12  wells,  of  wliich  nine  ar 
in  the  village  of  Buniside  in  sees.  S  and  9,  T.  9  N.,  R.  12  E.,  two  aboLi 
one-fourth  mile  east  of  tlie  village  near  the  line  of  sees.  9  and  It 
and  one  about  2  miles  south<»ast  in  the  southwest  part  of  sec.  1  • 
Some  of  those  in  the  village  have  now  ceased  flowing.     They  area 
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ated  on  the  northeast  or  iceward  slope  of  a  morainic  belt  which 
:her  west  lies  immediately  north  of  the  Imlay  outlet  of  Lake 
umee.  It  is  probable  that  flows  may  be  obtained  along  this 
der  southeast  from  Bumside  as  far  as  the  most  remote  well  (in 
.  15)  and  possibly  farther,  but  to  the  north  and  west  from  Bum- 
e  the  head  is  insufficient  to  give  a  flow.  Those  in  the  village  are 
»ng  a  small  stream  3  to  5  feet  below  the  general  level.  The  moraine 
ng  west  and  south  of  this  district  is  the  probable  catchment  area 
:  the  shallow  wells,  but  the  catchment  of  a  deeper  well  at  the 
imside  creamery  is  not  easily  determinable. 

The  earliest  flows  were  obtained  about  1875,  and  the  majority 
>ve  been  made  twenty  years  or  more.  They  are  all  shallow  drift 
!lls  with  depths  of  20  to  60  feet,  except  one  at  the  Bumside  cream- 
y,  which  has  a  depth  of  159.5  feet  and  extends  about  50  feet  into 
ck.  The  drift  is  chiefly  a  blue  clayey  till  with  thin  beds  of  sand 
id  gravel.  The  largest  flow  is  on  the  farm  of  Fred  Buby,  2  miles 
utheast  of  Bumside  in  the  SW.  J  sec.  15.  It  was  bored  20  feet 
irough  clay  to  the  water-bearing  gravel  and  a  hollow  log  used  as  a 
jnstock  was  inserted  in  the  boring,  giving  a  pipe  of  about  12-inch 
side  diameter.  It  flows  about  one-half  barrel  a  minute,  and  has 
Jen  running  since  1876.  The  water  is  hard  in  all  the  wells,  including 
ifi  creamery  well,  which  gets  its  supply  from  the  rock.  This  well 
IS  less  iron,  however,  than  the  shallow  ones,  the  latter  being  strong 
iron.  The  head  in  most  of  the  wells  is  less  than  3  feet,  and  two  of 
lem  have  to  be  piped  to  lower  ground  in  order  to  flow.  One  well, 
)wever,  on  the  Webster  farm,  one-fourth  mile  east  of  the  village, 
)ws  a  good  stream  from  a  pipe  that  stands  3i  feet  above  the  surface 
id  is  said  to  have  a  head  of  7  to  8  feet.  This  is  perhaps  on  ground 
lough  lower  than  the  other  wells  to  give  the  difference  in  height 
3ove  the  ground,  though  no  leveling  was  made  to  test  the  matter. 

Wells  at  and  near  Bumside  {T.  U  N.,  R.  12  E.). 
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Fred  Buby 
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Knt«»r(?d  gravel  at  bottom. 
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Ileml  alKHit  7  feet. 
In  Hand  from  21  to  27  feet: 

no  flow. 
Flow  from  r«K'k. 
La rgj'ly  through  day;  flow 

weak". 
Wjitor   is   plfied    to   lower 

grouml  to  gi^t  flow;  vory 

weak. 
IMjned  to  lower  ground  to 

flow. 
Stands  In  pipe  near  Irvel  of 

gnnmd. 
Overflows  from  a  tile  hito 

jiool:  all  clayey  drft  ex- 
cept thin  sand  bed  near 

bottom. 
Well  now  choked. 
Has  stopi)ed  flowing. 
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NORTH   BRANCH   DISTRICT. 

There  are  two  groups  and  possibly  two  distinct  pools  en 
in  the  flowing  wells  near  North  Branch,  as  indicated  in  fig.  31 
group  is  in  the  Imlay  outlet  south  and  west  of  the  village,  t 
other  in  a  sag  on  the  north  side  of  a  moraine  that  lies  nortl 
Imlay  outlet,  and  leads  from  the  village  eastward  along  the 
of  North  Branch  and  Burlington  townships.  The  wells  are 
in  both  groups,  the  majority  being  between  16  and  40  feet  in 
The  group  east  of  North  Branch  seems  favorably  situated  to 
its  supply  from  the  morainic  ridge  on  its  south  border,  but  th 
in  the  Imlay  outlet  stands  outside  the  moraine,  and  its  cat 
area  is  a  matter  somewhat  difficult  to  settle.  The  outlet  h 
a  few  feet  of  stiff  clay  at  surface,  which  forms  a  good  cover  t 
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Fig.  31.  -Flowing  wcUs  near  North  Branch,  Lapeer  County. 

tliat  may  come  in  either  from  the  north  or  south  borders 
dcj)osits  are  more  porous,  as  well  as  at  higher  levels.  The  o 
mode  of  deposition  of  this  clay  in  the  outlet  is  a  matter  of  som< 
tainty.  At  surface  it  appears  to  be  a  water  deposit  such  a 
1)0  laid  down  in  a  pool  in  the  old  lake  outlet,  but  exposi 
scarcely  sufficient  to  make  certain  that  this  is  its  character  i. 
out,  nor  are  they  adequate  to  reveal  the  extent  of  the  deposit 
relation  to  undoubted  glacial  deposits  each  side  of  the  out" 
the  sag  back  of  the  moraine  the  wells  penetrate  a  clayey  till 
on  passing  southward  into  the  moraine,  graduates  into  a  more 
till  with  pockets  or  intercalated  beds  of  sand  and  gravel,  am 
itself  contains  thin  beds  of  sand  that  furnish  the  supply  to  the 
wells.  A  deep  well  on  the  moraine  at  the  North  Branch  < 
hght  plant  w^hich  obtains  its  supply  from  glacial  deposits  at  \ 
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►f  150  feet,  has  a  water  level  50  feet  below  the  surface,  or  20  to  30  feet 
ess  than  in  the  flowing  wells.  This  rather  exceptional  feature  may 
>€  due  to  difference  in  the  catchment  area,  that  for  the  flowing  wells 
^ing,  as  above  suggested,  from  higher  land  in  the  immediate  vicinity, 
while  that  for  the  deep  one  is  from  a  more  distant  source. 

WdU  in  North  Branch  district. 
D5  IMLAY  OUTLET.  NORTH  BRANCH  TOWNSHIP,  ALTITUDE  790  TO  795  FEET. 
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IN  SAO  NORTH  OF  MORAINE.  ALTITUDE  ABOUT  800  FEET. 
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Township.  ' 

%Cu^-  *'  ^'"•''"Kton  ;|w.Slatterly 
8W.  part  sec.  36,  Burlington 

Township.a 
North    Branch     olectric-light 

plant.* 


.do. 


Depth. 


Feet. 

(?) 


35 


26 
23 

53 
165 

250 


?{S?-|Head. 


In. 

(?) 

(?) 
1.5 

1.5 


Flow 
per 
min- 
ute. 


Feet.  Galls. 
(?)        (?) 


(?) 
4-  1 

+  1.6 


(?) 


Tem- 
pera- 
ture. 


Of 

(?) 

(?) 
48.8 


0 
-I-  3 
-20 

-50 


(0 
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Flows  1-inch 
stream. 


Choked. 


Rook  at  135 

feet. 
Rock  at  200 
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"Altitude.  825  feet. 

^  Hocli  at  200  feet,  main  water  supply  at  1.50  feet  from  gravel,  also  supply  at  75  feet;  altitude  817  feet. 

*  Yields  1,000  barrels  a  day  by  pumping. 

CLIFFORD. 

In  a  low  tract,  back  of  a  morainic  ridge  south  and  west  of  Clifford 
station,  flows  are  likely  to  be  obtained  at  shallow  depths.  At  present 
but  one  boring  has  been  made  that  throws  light  upon  the  conditions, 
that  of  Mr.  A.  Harvey,  in  the  old  village  of  Clifford,  one-half  mile 
south  of  the  present  village.  This  boring  struck  a  flow  at  16  feet, 
but  it  was  not  utilized. 

SILVERWOOD    DISTRICT. 

This  flowing-well  district,  as  indicated  in  fig.  32,  is  spread  over  an 
weaof  6  or  7  square  miles,  mainty  in  Rich  Township  (T.  10  N.,  R. 
10  E.),  Lapeer  County,  but  touches  the  northwest  corner  of  Burling- 
ton Township  (T.  10  N.,  R.  11  E.),  Lapeer  County,  and  the  southeast 
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corner  of  Dayton  Township  (T.  11  N.,  R.  10  E.),  Tuscola  County. 
The  villajijc  of  Silverwood,  at  its  north  border,  has  given  the  name 
to  tlie  district.  The  wells  are  located  on  a  plain  at  the  south  border 
of  the  \Farlctte  moraine,  and  at  an  altitude  of  75  to  100  feet  or  more  ; 
below  the  level  of  the  crest  of  the  moraine.  The  altitude  of  Silrer- 
wood  station,  on  the  Pere  Marquette  Railroad,  is  807  feet.  Water 
stands  2  to  4  feet  below  the  surface  in  wells  in  the  village  at  the 
altitude  of  the  station,  flows  being  obtained  only  on  ground  less  than 
805  feet  above  tide.  The  altitude  seems  to  be  a  few  feet  less,  or 
about  790  feet  above  tide,  in  the  southern  part  of  the  district,  though 
only  barometric  measurements  were  made. 

A  remarkable  feature  in  this  district  is  the  apparent  rise  in  head 
from  south  to  north,  a  feature  wliich  suggests  that  the  Marlette 

moraine  is  the  catch- 
^•^^^'  ment     area     rather 

than  districts  to  the 
south.     Yet  this  dis- 
trict is  outside  the 
Marlette  moraine  in 
a      situation      that 
would  l)e  fed  by  it 
only    under    excep- 
tional      conditions. 
Ordinarily  the  wcters 
falling  upon   a  mo- 
raine    find     under- 
ground   courses    to- 
ward the  inner  bor- 
der plain  rather  than 
into  districts  outside. 


Kir,.  ;i2.- 


l)istriliUtion  of  fl(»win};  w«'1In  In  and  nrar  Silvorwoixl,  in 
LHjvor  jjntJ  TuHNtiM  ('«.uiitirs. 


In  order  to  have  a 
movement  into  an 
outer  border  district  the  beds  throuj^h  which  the  waters  find  passage 
should  descend  toward  that  district.  This  might  occur  if  the  drift 
shoot  is  hiid  down  on  a  rock  surface  tluit  becomes  lower  in  passing 
from  tlie  moraine  to  the  outer  border  district,  and  this  is  probably 
the  case  in  tliis  district.  From  tlie  few  records  of  borings  obtained 
there  apptMirs  to  be  a  tract  of  lower  rock  surface  and  thicker  drift 
soutli  of  tlie  Marlette  moraine  in  Lapeer  County  than  along  the 
moraine.  In  the  vicinity  of  the  Marlette  moraine,  rock  is  struck  at 
about  ToO  to  775  feet  above  tide,  but  a  few  mik»s  south  it  is  50  to 
!.")()  feet  lower.  This  higher  altitude  of  the  rock  surface,  rather  than 
an  exceptional  thickness  of  drift,  seems  to  l)e  the  cause  of  the 
prominence  of  the  moraine,  while  a  low  rock  surface,  rather  than  a 
thin   deposit  of    drift,  is   responsible   for  the   low  altitude  in   the 
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of  Lapeer  County  between  this  moraine  and  the  Imlay  outlet 

general,  borings  show  100   to  200  feet  of  drift  in  the  vicinity 

this  outlet  on  ground  775  to  825  feet  above  tide,  while  on  th< 

Loraine,  at  altitudes  of  825  to  900  feet,  rock  is  reached  at  50  U 

lOO  feet.     There  seems,  in  this  condition  of  the  bed-rock  surface,  U 

sufficient   cause  for  at   least   part  of   the  water  falling  on  th< 

loraine  to  take  a  southward  course  beneath  the  outer  border  plain 

mother  condition  which  would  perhaps  tend  in  the  saihe  directioi 

that  of  the   building  of  the  Marlette  moraine  by  a   halt   rathe 

tan  by  a  readvance  of  the  ice  sheet,  so  that  beds  low  down  in  thi 

loraine  would  continue  into  the  plain  outside.     Indeed,  there  ar 

»tures  wliich  suggest  cither  the  persistence  of  stagnant  ice  or  thi 

presence  of  a  lake  on  the  plain  outside  the  Marlette  moraine  whil 

lat   moraine  was  in  process  of  deposition.     It   is  found   that   th< 

>iitwash  from  the  moraine  does  not  .cover  certain  low  parts  of  th< 

tauter  border  district,  such  as  that  at  Silverwood,  while  it  does  cove 

fparts  to  the  east  and  west  of  this  village.     The  Marlette  moraini 

may  therefore,  on  the  first  supposition,  be  contemporaneous  in  tim< 

of  deposition  and  a  continuation  of  the  surface  portion  of  tlie  drif 

in  the  outer  border  district,  rather  than  the  edge  of  an  overlappinj 

[drift  sheet. 

Between  40  and  50  flowing  wells  have  been  obtained  in  this  district 
|but  in  some  cases  the  owners  have  found  it  difUcult  to  dispose  o 
[the  surplus  water  by  removal  through  ditches,  and  have  no 
attempted  to  devise  or  to  put  in  use  any  apparatus  for  sliutting  ol 
the  flow,  but  have,  instead,  attached  pumps  with  spouts  too  higl 
to  permit  a  flow,  and  thus  lost  the  advantaj^je  of  this  class  of  welK^ 
In  a  few  cases,  however,  the  flow  has  l)oc()nie  so  weak  tluit  a  puni] 
was  attached.  Some  of  the  wells  have  l)een  flowing  a  good  streaii 
for  about  thirty  years,  and  the  majority  have  becMi  flowing  solou] 
that  the  owners  do  not  recollect  the  date  of  their  drilling.  The; 
have,  comn;only,  li  or  2-inch  pipes,  or  less.  The  depths  arc  l)otwee] 
20  and  45  feet,  and  the  water  supplies  arc  obtained  from  beds  o 
sand  or  gravel,  usually  below  blue^  clay.  In  some  eases  there  is  ; 
surface  sand  of  slight  depth  above  tlie  clay.  Tlie  water  is.  as  a  rule 
strong  in  iron  and  rather  hard.  It  carries  only  enough  salt  to  1) 
detectable  to  the  taste,  and  never  enough  to  ho  objectionable.  Th 
waters  are  popular  and  are  preferred  by  the  residents  to  "surfac 
water"  obtained  at  less  deptli. 

The  following  list  is  incomplete  in  data  on  certain  points  owin; 
to  a  failure  to  find  the  persons  at  hom(^  who  made  tlie  wells.  A] 
attempt  to  supplement  the  information  l)y  eorresj)ondence  ha 
brought  in  but  few  returns,  most  of  the  letters  renuiining  unanswered 
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Wdls  in  SUvmcood  dUtrid  (Tpi,  10  atid  11  N.,  Rs.  10  amd  11  E.). 


Location. 


Owner. 


Water   tank   of 
Perp  Marquette; 
U.  K.,  Sllvor- 
wood.  I 

Brickyard.  Sll- 
vorwood. 

lUackHinlth  8hoj>, 
SilvorwoiKl  (< 
wpIIs  In  and 
ar(Mjnd8hop:3 
now  in  usp). 

Silwrwwxl 

S<H'.  :r»,  Dayton 
Township. 

Soc.  7,  HurllnR- 
tonTownsliip. 

Sir.     I ,     U  i  0  h 
Townslilp. 
Do 


Do.. 
Do.. 


(?) 

(?) 
(?) 


Ft.  In. 

48  4 


40  '  .75 
30  2 


A.Johnson '  48  2 

Matilda  Cowlcs...    1888  i  36  ,12 


J.  Frank  Mitchell. 

\Vm.  Klncaid    (2 

wellH). 
Mrs.    Henry   Sy- 

pher. 

I^evi  Ay  res 

George'(\)wle« 


l«n  I  25  2 

2r>    .. 


1903 
1890 


Head. 


Feet, 

+2 


■fl.5 
+  1 


Flow 


r 


Gallons. 
42 


AUweak. 


+1        Strong. 
Lower-  Weaken- 
ing.   ;     ing. 
(f)     j  Strong. 


Do 

Sec.    2.    K  I  c  h 
Township. 


E.Losh ; ;  3: 

Henry  Sypher |.. 


50  2 
2 


10 


Do '  James  Vasl)inder .    1ST9  j  4.'i  2       {  streaxD. 


Do.. 
Do.. 


I 
.i  Sohoolhouse. 


;iD.    (J.   Smith    (2    |is.st\  |  45   1.5 
,1    welLs). 


+2 


\\m\  ;  4.=)   1.5      +4        Strong. 


Do 

SiH\    M.     Rich 
Towiislup. 
Di) 


Claud  I'owles.. 
James  S<Hidon. 


Do 

Sec.     4,     K  1  c  h 
To\vn.<«liip. 

I  )o 

S4M>.    10.    K  i  c  h 

Township. 
S<M-.    II.    H  1  c  h 
Townsliip. 

Do 

Sec.    lU.    K  i  c  h 
Township. 

Do 

Do 

Do 

S^H*.    l.S.    Rich 

Townshii). 
Sec.    If).    Rich 
Township. 


Henry  S<Mldon. .. 
Mcln'tyn' estate.. 

Mrs.  nac(»n 

MclntvH' estate.. 


t ; 

2  ■ 

c 

s. 


I 

Quality.   .      Remail 


}(r, 


D.  Huntley.. 
Mr.  Deming. . 


Jacob  Hu.sh 1S74 


ciuirles  Svpher. 
M.   L.   R()-.ell   (2    flss 
wells).  11S1» 

Horace  Lyman. . 
Walter  .Viulerson 

E.  Mc(ionj?h 

Emi'rson  Wilson 

John  Hoiigc 


1.SS4     40   2 
1S1»4     2,")   2 


+  1 
-f-4 


Weak.    '  49 
4.5     49 


Hard;  iron. 


Iron;  me 
dium. 


Hard:    i 
iron.     I* 


Some  wi 
at  24  f 
rock  (T 
bottom 

At  residei 

Well     in 

pond. 


COLUMBIAVILLE    DISTRICTS. 

The  flowing:  wells  near  Colunibiavillc  are  not  all  in  one  disti 
those  in  Flint  River  Valley  beinjx  separated  from  those  a  mile  v 
of  the  village  by  a  till  ridge.  There  are  two  wells  in  the  vallej 
Columbiaville  on  the  Peters  estate,  and  one  5  miles  below  Columl 
ville  at  a  farmhouse.  One  in  the  north  part  of  the  village  is  ab 
80  feet  deep  and  2  inches  in  diameter,  wnth  a  1-inch  escape  p 
This  well  throws  a  jet  8  feet  high  from  the  1-inch  pipe,  which  c 
for  a  discharge  of  about  55  gallons  a  minute.     The  water  is  fi 
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Rguid  under  a  stiff  blue  clay.  The  other  well  is  4  inches  in  diameter 
i^nd  about  1 ,500  feet  deep,  but  the  supply  of  water  is  from  compara- 
aLTely  slight  depth.  The  head  is  28  feet  above  the  surface,  or  about 
r*0  feet  above  tide,  and  the  discharge  is  reported  to  be  several 
riptfirrels  a'  minute. 

The  well  5  miles  below  Columbiaville  is  on  a  terrace  south  of 
Flint  River,  35  to  40  feet  above  the  low-water  level,  and  flows  a 
pv^eak  stream.     The  well  is  about  60  feet  deep.  * 

One  of  the  wells  a  mile  west  of  Columbiaville  is  at  the  residence 
of  George  Jerome,  in  the  SE.  J  NE.  J  sec.  29,  T.  9  N.,  R.  7  E.  (Mara- 
felion  Township).  It  is  62  feet  in  depth  and  2  inches  in  diameter 
mJoA  has  a  head  of  6  feet.  It  flows  a  small  stream  three-fourths  inch 
OT  less.  The  well  was  made  about  1893,  and  is  mainly  through 
blue  clay. 

The  other  well,  a  mile  west  of  Columbiaville,  is  only  a  few  rods 

south  of  the  Jerome  well,  in  the  NE.  J  SE.  J  sec.  29,  at  the  residence 

of  W.  Sanford.     It  was  made  about  twenty-five  years  ago,  and  flows 

a.  half-inch  stream  from  a  2-inch  pipe.     The  drift  is  about  80  feet 

.  thick. 

V^ATER  SUPPLIES  OF  NORTHERN  CLINTON  COUNTY. 

By  Isaiah  Bowman. 

GENERAL  STATEMENT. 

In  CUnton  County  two  towns  having  public  supply,  Ovid  and 
St.  Johns,  and  the  several  flowing-well  districts  of  the  northern  half 
of  the  county  were  examined.  The  district  near  Elsie,  however, 
was  assigned  to  Mr.  Davis,  and  is  therefore  discussed  by  him.**  One 
of  the  flowing-well  districrts,  the  Eureka,  extends  into  southern 
Gratiot  County,  but  is  discussed  as  a  whole  in  this  place.  The 
southern  half  of  Clinton  County  is  discussed  by  Doctor  Lane  as  a 
part  of  the  region  bordering  Lansing  (pp.  17.0-175). 

FLOWING  WELLS. 

EUREKA    DISTRICT. 

The  Eureka  district  occupies  several  square  miles  on  the  borders 

of  Clinton    and   Gratiot   counties,    in   Greenbush   and   Washington 

townships,   and  represents  almost  typically  that  relation  between 

Moraines  and  drainage  which  results  so  frequently  in  artesian  flows. 

The  descent  from  the  summit  of  the  bordering  moraine  (fig.  33)  is 

steeper  in  passing  down  to  the  edge  of  the  plain  than  the  slope 

farther  north  across  the  plain  toward  Maple  Kiver.     Sec.  34  and  the 

southern  part  of  sec.  27  have  imperceptible  slopes  and  imperfect 

drainage.     Near  Maple  River  and  its  larger  tributaries  there  is  some- 

a  SCO  pp.  230-233. 


( 
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what  stronger  relief,  but  in  general  the  district  is  flat.  As  sho 
in  the  following  table,  there  is  a  steady  increase  of  head  to  the  sou 
west  of  the  area  of  flow  in  the  direction  of  the  ihoraine,  from  wh 
the  artesian  supply  is  apparently  derived. 

R.2  W. 


Fig.  .T{.  -  Map  showinp  Kiiroki  flowing-woll  area  in  relation  to  drainage  and  moraine.    Thekn 
area  of  fldws  is  sli  i<i«'  1.  hut  flows  may  be  oht-iined  north  of  Maple  River. 

The  Kureka  flows  aro  not  coniinod  to  the  stream  valleys,  but 
(listril)ut(Ml  ovov  the  j)lain.  The  first  flowing  well  in  the  area  ^ 
sunk  in  ISOo,  and  the  dovolopinent  has  continued  steadily  to 
])r('S(Mil,  a  hMiirtli  of  tiiiK^  that  afVords  unusual  opportunities  for 
(lotormination  of  the  (MlVct  of  flow  on  the  head.  Many  of  the  w 
show  a  (](M'reas(^  of  supply  not  altoirether  due  to  the  clogging  of 
pipe.  Mrs.  "iOiidan's  well  furnishes  at  present  but  one-eighth  gal 
a  minute,  whereas  its  yi^^lcl  wlu^n  first  put  down  was  5  gallons  an 
ute.  A  similar  deerease  is  not(Ml  in  W.  W.  Williams's  well.  P 
Zii^ler  reports  a  ch^'rease  of  \)  foot  in  the  head  of  his  well,  which  iJ 
feet  d(»ep.  The  decrease^  all'eets  d(»ep  and  shallow  wells  alike,  i 
sonal  fluctuations  in  liead  and  flow  are  notcnl,  these  being  in  fl 
from  sources  no  deej)er  than  those  at  Eureka. 

The  following  sections  indicate  the  nature  and  relations  of 
water-bearing  material : 

Htcord  of  Wilson  Kcisrrs  inU,  Ennka. 


Thickness,  i 


CI:iy,  with  thill  layers  of  wator-lx'aring  sand,  ono  at  4()f«i't  ylrhlinga  .sliKht  flow- 
Sand  and  gravol ' .' 


Feet. 


5 
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Record  of  Edvxird  Burke's  weU,  Eureka, 
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Thickness. 


Total. 


mi  hard  pan. . 
*y 


Feet. 


Feet. 


101 


Record  of  W.  C.  BaUis's  weU,  Eureka. 


Total. 


clay 

and'gravol. 


1  sees.  1 1  and  12,  Greenbush  Township,  are  two  areas  smaller  than 
one  just  discussed.  These  occur  at  the  heads  of  smaller  tributary 
anis,  and  in  the  valley  of  the  stream  which  joins  Maple  River  in 
25  there  occurs  what  is  probably  a  continuation  of  the  area  of 
s  found  farther  west. 

0  flows  are  reported  on  the  north  side  of  the  river,  and  none  are 
ly  to  be  found  there,  on  account  of  the  rapid  slope  from  a  moraine 
g  near  by. 

WeJls  in  Eureka  district. 


12 

8 

12 

8 

12 

8 

11 

8 

11 

8 

3 

8 

4 

8 

5 

8 

B 

9 

\A 

9 

« 

9 

» 

9 

i4 

9 

M 

9 

11 

9 

U 

9 

>7 

9 

27 

9 

is 

Q 

34 

9 

V^ 

9 

;« 

9 

x\ 

9 

24 

9 

32 

9 

Ownor. 


Whon 
made. 


'  Finvfl   '  Water 


Fret.  Feet. 

2  Ed  Burke 1900            175  'eOC* 

2  (lilbert  Beck 1899            147  ti88 

2  Fred  Russell 189ii    |        190  i  (i8<>i 

2  Eureka  village '  725 

2  i  S.  Burrows 1898            19<»  701 

2  !  Saml.  Strauser f)8;j 

2  I  M.  A.  Youdan IS{)4    :          94  (i85  i 

2  I  D.  J.  Virrfith 190a            124  ri93  ' 

2  C.  S.  Patterson 1874             :J5  082 

2  E.  Darling ISi.'i    ,         :«)  (IS3 

2  E.  Weal  her!  )>' 1S94              70  I  f^\ 

2  Fivd  Keiser '          >2  fi84 

2  P.  C.  Zigler 1S.S9              27  ('.77 

2  W.  Church 19o:i    ,         109  !  077 

2  W.  C.  Bavlis UX»4    |          90  ;  r.SO 

2  W.  Church 19()3            109  070 

2  S.  A.  Miller 080, 

2  B.  K.  Stormfrltz ISJv*             :«  I  (i80 

2  W.  Kfist'r 1901     I          {\-)  i'm 

2  C.  Brew  baker 1884             5<i  !  «i00 

2  J.  E.  Walker 7(X) 

2  '  W.  W.  Williams ISSH            100  I  075 

2  I  J.  Zigler 1890              95  G80 

2  A.  B.  Baum 1W3    i         50,  073 

2  i..  Lohrer '         .%  073 


Flow 

per 

minute. 


Tem- 
pts ra- 


Feet. 
096 

OalU. 

-F. 

086 

r)87i 
728 

1 

i.  75 

55.7 

087 

.25 

53.4 

(i89 

.12 

m.2 

095 

1 

51.8 

085 

.  11 

53.8 

080 

.5 

51.2 

(i8(» 

\.2iy 

52.  1 

(i89 

2 

49.5 

080 

.5 

51.5 

085 

12 

52.7 

700 

'2 

51.  3 

r«4 

15 

52.  7 

(iWi 

3 

51.2 

(«.<> 

1.25 

.52.  5 

097 

1.5 

50.9 

093 

.25 

52 

705 

.75 

51 

083 

1 

52 

(iS9 

3 

51  5 

074 

1 

51.8 

e diameter  of  the  pipes  is  uniformly  2  inches. 
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MAPLE   RAPIDS   DISTRICT. 

In  a  test  boring  for  coal  at  Maple  Rapids,  where  the  surface  eleva- 
tion is  640  feet  above  tide,  a  strong  flow  of  water  was  obtained  from 
three  different  horizons,  as  shown  in  the  following  section: 

Record  of  coal  boring  at  Maple  Rapids. 


Ilunlpan 

Blue  clay 

Stones 

Hluc  clay 

IIar(li)an 

Sand  with  water 

Blue  clav 

Saml 

Brown  clay 

(IravH 

Red  8an<l  with  water 

Ci  ray  r(K"k 

Red  sandstone 

Dark  shale 

Ked  shale 

Soapstone 

Light  shale 

Coal 

Light  shale , 

White  sandstone  with  water. 


Thickness.!   Total 


Feet. 


5 

1 

6 

1 

7 

2 
82 
14 

2 
31 

17  I 


FetL 
S 
2S 
» 

a 
n 


"    1 

u 

» 

168 
182 

m 

215 
21S 
244 
261 
2611 
2S5 
334 


About  2  iiiilcs  east  and  three-fourths  of  a  mile  north  of  Maple 
Rapids,  in  the  NW.  J  sec.  3,  T.  8  N.,  R.  3  W.,  is  another  flowing  well 
that  is  supplied  from  the  drift.  It  is  located  at  the  foot  of  a  bluff 
which  represents  the  southern  valley  side  of  Maple  River.  The  height 
of  the  hlufr  as  determined  by  aneroid  is  75  feet,  an  unusual  height,  due 
to  the  fact  that  Maple  River  here  crosses  the  St.  Johns  moraine.  The 
hluir  maintains  this  hei^jht  for  a  half  mile  up  and  down  the  valley,  and 
for  this  distance  flows  dependent  on  local  relief  may  fairly  be  expected 
to  occur. 

The  owner  of  the  well  is  Zahnon  Wyman;  the  driller,  Barney  Nor- 
ton, of  Maple  Raj)ids.  The  depth  is  31  feet,  diameter  of  pipe  2  inches, 
temperature  52°  F.,  altitude  GGO  feet,  head  10  feet,  flow  1.5  gallonsa 
minute.  The  well  was  drilled  in  March,  1903,  and  has  since  yielded 
a  constant  supply  of  water,  which  is  derived  from  gravel  underlying 
30  feet  of  <j:ravelly  clay  or  till,  and  is  used  for  domestic  purposes. 
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art 


One  mile  northeast  of  vSt.  Johns,  near  the  source  of  Spring  Broo^j 
e  the  two  flows  first  mentioned  in  the  table  below.  They  ^^^ 
obtained  at  a  slight  depth  in  gravel  and  sand  underneath  a  layer  ^^ 
clay  about  10  feet  thick.  The  flows  are  supplied  from  the  St.  Job^' 
moraine,  and  both  are  on  the  floor  of  the  valley  of  Spring  Broa*^ 
Flows  farther  down  the  valley  are  unknown,  and  farther  up  the  vall^« 
the  summit  of  the  moraine  is  quickly  reached.     The  water  in  bo*" 
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irells  is  hard  and  chalybeate  and  is  used  for  ordinary  farm  purposes, 
jtt  addition  to  this  the  water  in  the  well  belonging  to  the  Spring  Brook 
[ce  Company  is  collected  in  an  artificial  pond  about  2  acres  in  extent, 
Tom  which  most  of  the  ice  supplied  in  St.  Johns  is  cut. 

A  low  dam  and  sluice  gate  permits  the  regulation  of  the  height  of 
irater.  Each  simmier  the  pond  is  drained  and  the  bottom  plowed, 
effecting  thorough  aeration,  this  being  necessary  because  of  the  coat- 
lig  of  iron  oxide  deposited  from  the  chalybeate  water. 

Northwest  of  St.  Johns,  in  the  valley  of  another  small  tributary  of 
Spring  Brook  and  in  the  same  relation  with  reference  to  the  St.  Johns 
moraine,    is    another 
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35 
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group  of  four 
flows.  As  shown  in  fig. 
34,  these  occur  in  close 
association  with  the 
drainage,  as  they  must 
in  this  locality,  where 
the  relief,  though  slight, 
is  sufficient  to  prevent 
flows  except  along  the  „,  „        „   .  ^     ^.. 

^  ^  rm  ^lO-  34.— Flowing  wells  near  St.  Johns,  Clinton  County. 

stream     courses.      The 

character  of  water  and  the  direction  of  flows  are  similar  to  those  in 
the  preceding  group.  Mr.  Feightling  has  constructed  a  trout  pond 
which  is  fed  by  the  overflow  from  his  well,  and  he  intends  to  install  a 
hydraulic  ram  for  supplying  his  house  with  water.  The  other  wells 
of  this  section  are  put  to  ordinary  domestic  and  farm  uses. 

Still  farther  northwest,  in  sec.  32,  T.  8  N.,  R.  3  W.,  on  the  next 
western  tributary  of  Spring  Brook,  is  the  flowing  well  of  R.  T.  Fergu- 
son.   The  well  is  at  the  top  of  the  bluff  above  the  little  stream  just 

mentioned.     The  water  rose  to 
k^  T     within  18  inches  of  the  surface 
and  by  piping  to  the  ravine  200 
feet  away  a  flow  was  secured. 
Since  this  method  is  used   to 
secure    flows    in  a   number  of 
places,  a  diagram   (fig.  35)   is 
given  illustrating  the  relations. 
Mr.  Ferguson  has  built  his  barn  below  the  flow  and  installed  a  sys- 
tem of  pipes  so  that  the  water  runs  by  gravity  through  the  basement. 
This  combination  of  slope  and  flow  might  in  many  other  cases  be 
utilized  to  the  great  saving  of  money  and  labor. 

Between  this  well  and  the  group  east  of  here  the  surface  is  very 

Wei,  especially  in  the  western  part  of  the  area.     The  water  rises  in  all 

the  dug  or  driven  wells  \vath  strong  artesian  effect,  standing  in  many 

cases  but  a  few  inches  below  the  surface,  and  is  never  more  than  10 

IRB  182—06 16 


Fig. 35.  Illustration  of  flow  obtained  by  trenching. 
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feet  below  it.    But  in  tracts  lying  between  the  stream  valleys  flows 

are  not  obtained. 

Wdls  in  St.  Johns  digtrid. 


5    'I 


r. 

D. 
A. 
B. 
D. 
E. 
C. 


r.  I      I 


Owner. 


Spring  Brook  Ice  Co. 

T.  L.  Stewart 

(icorge  Felghtling. . . . 

John  Matter 

II.  V.  Hostetler 

do 

,  R.  J.  Ferguson 


When 
made. 


18»5 


1898 
1901 
1892 
1902 


Depth. 


Feet. 
20 


Eleva- 
tion. 


Water 
rises 
to— 


I 


Feet. 
751 
726 
708i 
713 
711 
705 
707 


Feet. 
756 
727 
712i 
712  ' 
714 
706 
709 


Flow  I  Tem- 
per   I  penr 
nunate.!  tan. 


OalU.  I  •/. 
10       !      SLl 
3       I      S\.i 

8         as 


1.5    I 
.12 


SL1 
Ski 


8HEPARDSVILLE   DISTRICT. 

One  mile  south  of  Shepardsville  in  Ovid  Township  (T.  7  N.,  R.  1 
W.),  in  western  Clinton  County,  is  the  flowing  well  of  E.  R.  Munson. 
It  is  at  an  altitude  of  716  feet.  The  water  at  present  is  just  level 
with  the  surface,  but  has  fallen  8  feet  since  the  well  was  sunk  about 
forty  years  a«:o,  the  loss  being  probably  due  to  clogging  of  the  pipe. 
The  flow  is  1 .5  gallons  per  minute,  and  the  temperature  49.5®  F. 
The  water  is  strongly  chalybeate.  The  following  section  was  fur- 
nished by  Mr.  Munson : 

Record  of  Muruson  well,  Ovid  Township. 


Thickness.!   Total 


Surface  sand 

CiuioksniKl 

liliK'clay 

\Vat<T-l)rariii>;  i^rrav.-l. 


Feet. 


Feet. 


14 

2 


OtluM'  attcMiipts  to  secure  flows  in  the  valley  of  Maple  River  near 
wShepardsvillc  have  boon  made  on  slightly  higher  ground  and  have 
pi'ovod  unsuccessful.  Ono-half  mile  southwest  of  Duplain  in  the 
same  valley,  but  in  another  township,  is  another  flow  belonging  to 
A.  M.  Birmingham.  It  is  located  within  a  few  feet  of  Maple  River 
at  an  altitude  of  713  feet.  The  water  is  unusually  soft  and  comes 
from  a  water  bod  20  fec^t  below  the  surface  and  beneath  blue  clay. 


ELSIE    AND    VICINITY. 


Elsie  is  situated  in  northeastern  Clinton  County  in  T.  3  N.,  R  1  W., 
on  a  low,  gravel-covered  ridge,  sloping  on  the  north  to  the  Ann  Arbor 
Railroad,  on  the  south  to  the  valley  of  a  tributary-  of  Maple  River, 


a  Bv  Charles  A,  Davis. 
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id  on  the  west  to  Maple  River.  The  ridge,  in  part  at  least,  is  the 
ault  of  wave  action  on  the  shore  of  the  Glacial  Lake  Saginaw. 
!ence  it  is  porous,  and  since  it  is  superposed  upon  a  clay  substratum 
;  no  great  depth  below  the  surface  water  is  easily  obtained. 

The  wells  in  the  town  are  generally  shallow,  some  probably  too 
iallow  for  the  safety  of  those  who  use  the  water.  On  the  north 
de  of  town  they  are  from  7  to  20  feet  deep ;  those  on  the  top  of  the 
dge  are  somewhat  deeper — 35  feet  and  more.  The  tile  well  is  com- 
lon,  and  this  type  of  construction  seems  popular  in  some  parts  of 
le  village.  It  is  certainly  less  objectionable  than  the  older  type  of 
iig  wells. 

There  is  no  public  supply  at  present,  and  so  far  as  learned  none  is 
sntemplated,  but  eventually  the  town  will  need  fire  protection  at 
?ast,  and  for  this  purpose  Maple  River  is  the  nearest  available  source. 
Tiis  stream  would  not  furnish  a  supply  of  water  which  would  be 
^commended  for  any  purpose  except  sprinkling  and  fire  protection, 
nd  if  drinking  water  were  sought,  wells  would  have  to  be  developed. 
Tie  most  accessible  place  for  putting  down  test  wells  would  be  in 
he  lowest  part  of  the  river  valley,  within  easy  reach  of  the  village, 
rhere  a  good  supply  of  water  would  most  probably  be  found.  Wells 
Q  the  vicinity  of  the  railroad  station  might  yield  also  sufficient  water. 
Another  possible  place  for  the  location  of  a  pumping  station  would 
►e  at  a  powerful  flow  of  water  from  the  ground  beside  the  railroad 
racks  1  \  miles  southeast  of  the  village.  Explorations  in  this  neigh- 
)orhood  would  probably  yield  other  flows  that  would  furnish  a  large 
quantity  of  excellent  water,  which  could  be  pumped  to  town. 

There  are  no  flowing  wells  in  Elsie  village,  but  in  other  parts  of 
Duplain  Township  there  are  two  districts  with  shallow  yet  strong- 
flowing  wells.  One  of  these  lies  in  a  drainage  valley  on  the  eastern 
side  of  sec.  1.  It  contains  l)ut  a  single  well,  but  is  apparently  capa- 
ble of  further  development.  Several  farms  along  the  valley  could 
probably  get  good  supplies  of  flowing  water  if  the  wells  were  put 
down  at  the  lowest  points.     The  present  well  has  been  in  existence 

for  twenty  j^ears  at  least  and  flows  a  large  stream  of  excellent  water 

at  the  present  time. 

The  other  and  principal  area  lies  south  of  Elsie,  beginning  about 
3  miles  south  and  extending  several  miles  in  a  southeasterly  direc- 
tion, the  area  seeming  nearly  coincident  with  the  sliallow  valley  of 
one  of  the  small  tributaries  of  Maple  Kiver.  It  is  bounded  on  the 
west  by  a  small,  sharp,  morainal  ridge  30  to  50  feet  high,  which  runs 
nearly  north  and  south  at  its  northern  end  and  trends  southeast- 
ward in  its  southern  part. 

Within  this  area  large  flows  are  so  easily  obtained  by  boring  ^\ith 
I  common  earth  auger  that  many  of  the  farms  have  several  wells, 
iinBing  in  the  aggregate  enough  water  to  supply  the  needs  of  a  small 
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town.     The  cost  of  putting  the  wells  down  is  said  to  be  from  S3  to 
$5,  including  labor,  and  the  depth  ranges  from  8  to  25  feet. 

The  usual  way  in  which  these  wells  are  piped  is  to  bore  a  1  J-incli 
hole  lengthwise  through  a  common  fence  post,  then  start  the  borinj 
into  the  earth  at  the  bottom  of  a  hole  a  little  smaller  than  the  post 
and  about  the  depth  of  an  ordinary  post  hole.  When  water  is 
reached,  the  post  is  driven  into  the  hole.  The  head  is  frequently 
sufficient  to  drive  the  water  out  through  the  hole  in  the  post;  if  it 
does  not,  the  next  step,  after  the  post  is  set,  is  to  bore  a  lateral  hob 
tlu-ough  into  the  central  one  near  the  upper  limit  of  the  head,  or 
at  such  point  as  may  be  desirable,  and  into  this  drive  a  spile  of 
simple  construction,  through  which  the  water  is  delivered.  If  tbe 
head  lowers,  the  spile  is  easily  lowered,  and  in  this  way  fairly  exict 
records  of  lowering  of  some  of  the  wells  may  be  had,  some  poato 
showing  several  successive  orifices  of  this  kind. 

The  small  ridge  to  the  we^t  is  hardly  large  enough  to  furnish  sudi 
a  great  quantity  of  water  as  flows  from  the  larger  wells,  and  it  seentf 
probable  that  the  more  extended  rolling  country  to  the  south  is 
the  source  of  supply. 

Near  the  bottom  of  the  embankment  of  the  Ann  Arbor  Railroad 
1}  miles  southeast  of  Elsie,  in  a  marshy  tract  at  the  foot  of  a  long 
slope  from  the  north,  is  a  fine  spring,  the  overflow  from  which  nutf 
off  as  a  stream  a  foot  wide  and  2  inches  deep.  The  water  comes  up 
through'  a  barrel  and  rises  6  inches  above  the  surface  of  the  ground 
al)()ut  the  spring  from  clean  gravel  and  sand  at  the  bottom.  One 
informant  said  that  this  was  merely  a  hole  made  by  pushing  a  fence 
rail  down  into  the  ground  6  or  8  feet  and  breaking  through  the  hard- 
pan.  The  general  character  of  the  ground  about  the  spring  would 
indicate,  however,  that  there  have  been  natural  springs  in  the  neigji- 
])orh()od  for  some  time,  ho  weaver  this  particular  one  originated.  The 
altitude  is  about  715  feet,  and  the  temperature  of  the  water  48**  F- 

A  well  three-fourths  of  a  mile  south  of  Elsie  on  the  west  side  of 
sec.  I.'^,  Duplain  Township,  is  reported  as  about  200  feet  deep,  with 
rock  at  98  feet.  The  water  rises  within  2  feet  of  the  surface  at  the 
house,  and  flows  one-half  gallon  a  minute  at  a  watering  trough  3  feet 
below  the  level  of  the  pump.  This  well  is  near  the  valley  of  the 
stream  south  of  town  and  is  about  12  feet  below  the  village,  or  725 
feet  above  tide.  South  of  Elsie  the  rock  surface  is  said  to  be  from 
l()(?  to  130  feet  below  the  surface,  but  a  mile  or  two  to  the  north  it 
is  quite  variable,  nmning  from  27  to  175  feet  or  more  in  depth  within 
short  distances.  This  information  was  given  by  Mr.  Otto  Heinze,  * 
well  driller  who  has  worked  in  the  region  several  years. 
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WdU  in  EUtie  district  (T.  8  N.,  /?.  1  W.), 
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•  Bored  and  never  piped,  except  by  pump  log  driven  through  the  soil;  fine  flow. 

kineom  field;  not  cased. 

•Bored  log  with  spigot  in  side.    Yellow  clay  12  feet,  blue  clay  4  feet,  water  gravel.    Rock  at  30  feet 
Ifobahlv  a  bowlder  In  pump  well  near  by. 

'T.  8  N.,  R.  1  E.    Shows  on  post  three  successive  lowerings  from  a  head  2  feet  higher  than  present. 

(Lareest  of  group;  great  waste  of  water. 

/Mr.  Bensinger  has  four  wells  from  16  to  23  feet  deep. 

vStock  wen  at  north  end  of  farm. 
^  'SopiiUes  a  public  trough  on  road  from  Elsie  to  Ovid. 

WATERWORKS. 


I  OVID. 

The  village  of  Ovid  is  in  Ovid  Township,  on  the  eastern  border  of 
Clinton  County,  iiear  the  headwaters  of  Maple  River.  The  surface 
is  gently  rolling,  being  an  intermorainic  area  of  slight  relief. 

The  water  system  is  operated  in  connection  with  an  electric-light 
plant,  and  both  are  controlled  by  the  village.  The  former  was  estab- 
lished in  1888,  the  latter  in  1894.  Water  is  drawn  from  a  curb 
well  20  feet  deep  and  16  feet  in  diameter.  The  stand  tower  is  70 
feet  high  and  holds  1,300  barrels,  2,000  barrels  being  the  average 
daily  amount  supplied. 

Ten  or  twelve  years  ago  oil  was  used  for  fuel  in  running  the  engines. 
This  was  stored  underground  in  a  large  tank,  and,  a  leak  having 
formed,  the  public  water  became  polluted.  Two  or  three  years  were 
required  to  purify  the  oil-sodden  earth,  during  which  time  the  water 
could  not  be  used. 

ST.  JOHNS. 

Admirable  drainage  is  secured  for  St.  Johns  by  the  slopes  on  which 
it  is  built,  and  which,  while  weak  for  a  moraine,  are  still  strong 
enough  to  give  a  pleasing  variety  to  streets  and  grounds — an  impor- 
tant factor  in  the  growth  of  a  town. 

From  the  notebooks  of  James  B.  Henderson,  superintendent  of 
waterworks,  accurate  data  were  secured  as  to  the  depths  of  the 
different  wells  and  the  material  penetrated.  The  5  deej)  wells  sup- 
pMng  the  village  are  located  in  a  group  with  intervals  of  6  feet,  and 
have  the  following  depths:  222,  312,  544,  548,  and  574  feet.     The 
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(U)st  of  the  wells  was  $2  a  foot,  the  village  furnishing  the  casing.    Thi 
section  of  the  deepest  well  is  as  follows: 

Record  cfwaUnoorks  umS,  8i.  Johns. 


Clay  with  thin  layers  of  quicksand 

(This  indicates  the  depth  of  the  moraine  at  St.  Johna.    Tliere  was  a  haayr 

water  led  at  28  feet,  but  the  supply  was  too  near  the  aorfaoe  to  be  conalderM 

safe.) 

Coarse  gravel 

Red  sandstone,  bearing  some  water 

Blue  shale 

Black  shale  with  alternating  hard  and  soft  layers 

White  water-bearing  sand  rock  (Parma) 

Gray  water-bearing  sand  rock 

Black  shale 

Blue  shale 


Thickiieaa.     TotiL 


Feet.      '     Fed. 


112 
20  I 
202  '  ^ 

1 1      m 


ISO 
10 
15 
24 


m 
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Water  is  drawn  from  the  first  and  second  sandstones.  The  water 
stands  at  40  feet  below  the  surface,  or  713  feet  above  tide;  by  pump- 
ing with  forced  draft  it  can  be  lowered  85  feet,  or  to  125  feet  below 
the  surface.  It  is  pumped  into  two  brick  reservoirs  19  feet  deep  and 
27  feet  in  diameter,  together  holding  150,000  gallons.  The  averagi 
daily  amount  supplied  to  the  village  is  275,000  gallons,  over  80 
families  and  all  the  steam  plants  in  town  making  use  of  the  publi 
supply. 

The  ({uality  of  the  water,  as  detennined  by  chemical  analysis  maA 
by  Thomas  Cooler,  of  the  University  of  Michigan,  August  5,  1904,  i 

as  follows : 

AnalyKh  ofvxiter  of  St.  Johns  vxUerwoHts, 

Parts  per  minioB 

Total  rosiduo  obtained  by  eva{X)ration  at  110®  C 446 

Residue  after  ignition,  or  inorganic  matter  in  residue 312 

Organic  residue,  or  loss  on  ignition * 134 

Clilorine  (as  sodium  chloride) 38 

Sulphate's  (as  SOg) TncB 

Potassium  piTmangunate  reduced  by  organic  matter  in  the  water 12. 1 

Free  ammonia W 

Albuminoid  ammonia W 

Nitrates 0 

Nitrites - 0 

Color,  clear:  odor,  none;  reaction,  neutral:  no  appreciable  deposit;  no  germs  except 
ordinary  water  g<»rms;  inoculation  experiment  negative.  This  is  a  very  fair  water,  per" 
fectly  safe  for  domestic  use  in  it.s  present  condition. 

FOWLER. 

The  village  of  Fowler  is  reported  to  have  a  public  supply,  both  fo 
lire  and  domestic  purposes,  obtained  from  a  drilled  well,  but  t^' 
further  information  was  gathered. 
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EAGLE. 

The  village  of  Eagle  is  also  reported  to  have  a  partial  public  sifpply 
>r  domestic  use,  the  water  being  pumped  by  windmill  from  a  driven 
'ell  to  a  tank. 

WATER  SUPPLIES  OF  IONIA  COUNTY. 

By  Isaiah  Bowman. 

GENBBAIi  STATEMENT. 

In  Ionia  County  the  writer  examined  each  of  the  several  flowing- 
well  districts  and  visited  each  town  in  which  a  pubhc  water  supply 
has  been  put  in  operation.     But  little  attention  was  given  to  the 
portions  of  the  county  in  which  flowing  wells  were  not  obtained, 
though  it  was  ascertained  that  water  can  generally  be  had  at  very 
moderate  depths  throughout  the  county.     Indeed,  the  average  depth 
of  the  pump  wells  is  less  than  that  of  the  flowing  wells. 

Grand  River  flows  through  the  county  in  a  valley  of  considerable 
depth,  the  bluffs  being  ordinarily  100  to  150  feet  high.  The  greater 
part  of  the  upland  is  a  gently  undulating  till  plain,  which  in  places 
assumes  the  form  of  definite  morainic  ridges  of  subdued  type.  There 
we  also  narrow  strips  of  gravelly  land  leading  southward  between 
the  moraines  in  the  northern  part  of  the  county  to  the  valley  of  Grand 
River. 

FLOWING  WELLS  AND  SPRINGS. 

BELDING. 

The  Belding  flows  occur  only  in  the  city  of  Belding,  along  the  flood 
plain  of  Flat  River  in  Otsico  Township  (T.  8  N.,  R.  8  W.),  and  are 
distributed  over  an  area  of  about  1  square  mile,  as  indicated  in  the 
sketch  map  (fig.  36).  An  understanding  of  the  nature  of  the  flows 
may  best  be  obtained  after  an  examination  of  the  nature  and  position 
of  the  water-bearing  strata.     The  sections  follow: 

Record  of  Richardson  silk  mill  well,  Belding. 


Thickness.      Total. 


Feet.       I      Feet. 

Water-bearing  sand  and  gravel  with  occasional  layers  of  brown  clay !  35  35 

Gravel  hardpan ' 10  .  45 

Blue  clay,  no  stones j  55  100 

Very  fine  sand,  bearing  water  with  a  head  of  Hi  feet.    Material  was  so  fine  that  I 

it  could  not  be  screened  and  the  flow  ceased  shortly I                 I  101 

Light-colored  stickv  and  stony  clay 19  120 

Sand,  fine  but  capable  of  telng  screened.    Present  flow  from  this  bed  at  120-122  :  i 

feet ;  2  122 
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Record  of  N.  Lapham  wdl,  Bdding. 


Thlcknen.1   ToUL 


Sand  and  gravel  with  streaks  of  clay . 

Sticky  blue  cljiy  with  no  stones 

Fine,  black,  water-bearing  sand. 


Feet. 


Ml 
50, 


Record  of  Belding  Brothers  <fc  Co.  toeC,  Bdding. 


Thickness.     TottL 


Fed. 


a 

100 


Feet. 


Feet. 


Water-bearing  sand I               25  25 

Blue  clay  without  stones I                20  45 

Quicksand,  producing  roily  water '                  1  « 

Clay '                 25  i  H 

Coarse  water-bearing  sand 3  74 

I I 

Record  of  Ballou  basket  vxjrks  weUy  Belding. 

I  Thickness.  I  Total. 

'  ' 

Feet.  Feet. 

Black  muck '              8     ,  8 

Blue  sticky  clay,  no  stones .'«  65 

Fine  sand,  watcr-Learing |                .5  i  65.'^ 

Variegated  clay 1             34.6  100 

Sand,  clay,  and  stones,  with  water i             40     ■  140 

Coarse  water-l>earing  sand.  I 


Ex- 


The  water  from  the  wells  of  the  different  companies  is  used  for 
drinkiii*r  purposes  hy  the  employees.     Water  for  boiler  use  is  drawli 

out  of  Flat  River.  The  depths  of 
the  different  wells,  as  well  as  the 
succession  of  materials,  show  the 
uncertainty  of  finding  water  at  the 
particular  depth  apparently  indi- 
cated by  the  conditions  in  a  near- 
by well.  While  this  is  more  oi 
less  characteristic  of  water  suppb 
in  glacial  deposits  it  is  more  nota 
bly  the  case  in  the  Belding  flow 
than  in  any  others  where  the  wells  are  as  near  each  other  as  in  thi 
part  of  the  vState. 

The  flow  of  water  in  the  second  well  of  Belding  Brothers  &  Co. 
mentioned  in  the  table  below,  has  decreased  from  5i  to  4  gallons  ; 
minute.  In  the  well  owned  by  the  Ballou  basket  works  the  decreas 
has  been  from  6  to  IJ  gallons  a  minute.  This  decrease  is  due  eithe 
to  the  ol)struction  of  the  screen  by  the  fine  sand  in  which  the  wate 
occurs,  or  to  the  corrosion  of  the  screen,  or  to  both,  this  being  proves 
by  the  condition  of  different  screens  pulled  up  in  cleaning  wells. 


FiCf.  3<).— Map  of  Belding  flowing-well  area. 
t<>nt  shown  by  shading. 
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The  diameter  of  the  wells  mentioned  in  the  table  is  uniformly  2 
inches,  and  the  cost  of  drilling  $2  a  foot,  including  pipe. 

The  present  city  supply  is  from  the  various  city  wells  or  from 
oirdinary  dug  wells.  For  fire  protection,  water  is  pumped  from  Flat 
River  and  conveyed  by  a  system  of  wooden  mains  to  every  part  of 
the  city.  The  pumping  is  done  for  the  city  under  contract  by  Beld- 
ing  Brothers  &  Co.  The  artesian-water  resources  of  the  place  have 
encouraged  the  consideration  of  plans  for  the  installation  of  a  plant 
which  will  furnish  water  for  all  purposes. 

Wells  at  Bdding  {T.  18  N,,R.8  W.). 


Utter 

on 
fit  37. 


Sec- 
tion. 


I 


Owner. 


Richardson  silk  mills 

Doctor  Little 

N.  Lapham 

Ballon  basket  works 

N.  Lapham 

C.C.  Briggs 

Karl  Eckert 

H.J.  Leonard 

Beldlng  Land  and  Improve- 
ment Co.a 

Beldlng  Bros.  drCo 

do 

Beldlng  Hall  Manufacturing 
Co 


When 
made. 


1900 
1904 
1894 
1897 
1903 
1892 
1893 
1890 


1902 


1899 


I 


Tx„„#K     Eleva-    ^^^     Flow  per     Temper- 
^P*^-     tlon.   !   ;*ff       minufe.        ature. 

'     to —     I  ! 


fet. 

Feet. 

121 

768 

126 

771 

100 

771 

140 

768 

37 

678 

26 

768 

35 

768 

156 

760 

300 

768 

13H 
lOOi 

770 

771 

155 

768 

Feet. 
770 

774  I 

774  , 

776 

771 

771i' 

7711 

773 


768 
774 
780 


OaUons. 

°F. 

1 

52.5 

1 

6 

52.2 

1.5 

5L9 

2       , 

50.7 

8 

49.7 

Pumped. 

50.5 

.75 
Pumoed. 

51.5 

52.2 


•At  300  feet  "  rotten  rock"  was  encountered,  the  drill  broke,  and  the  well  was  abandoned.  A  flow 
vupasaed  at  120  feet.  The  well  at  present  supplies  the  Belding  Hotel.  Flow  is  5  gallcns  a  minute  3 
feet  below  surface. 

CLARKSVILLE    DISTRICT. 

The  flows  of  the  Clarksville  area  in  the  southwestern  part  of  Ionia 
County  occur  in  and  beyond  the  northern  and  western  limits  of  the 
village,  which  is  located  on  a  level  till  plain  extending  eastward  from 
a  moraine  lying  a  mile  to  the  west.  Extremely  slight  trenching  of 
this  plain  by  Coldwater  Creek  and  its  tributaries  has  occurred,  and 
it  is  on  the  shallow  valley  floors  or  in  natural  depressions  of  the 
plain  that  flows  are  found. 

An  examination  of  the  accompanying  table  shows  an  increase  of 
head  in  the  general  direction  of  the  moraine  on  the  southwest.  The 
dug-well  records  near  the  southern  limit  of  flow  uniformly  show  the 
same  condition,  besides  indicating  that  here,  as  in  the  flowing-well 
area,  when  the  water-bearing  stratum  is  tapped,  the  water  rises  with 
strong  artesian  effect,  until  it  reaches  the  approximate  level  of  the 
static  head  within  the  area  of  flow.  This,  together  with  the  fact 
that  the  flowing  wells  are  shallow  and  their  depths  uniform,  points 
to  a  continuous  water  bed  locally  supplied,  and  attributes  to  the 
moraine  west  of  the  village  the  function  of  a  catchment  area. 
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Fig.  37  expresses  these  and  other  interesting  relations.  The  lo 
hill  seems  to  divide  the  flows,  and  to  constrict  them  between  ii 

southern  limit  and  the  higher  ground  t 
the  south.  Beyond  the  constriction  the 
spread  out  again,  fan-like,  and  may  h 
found  all  the  way  between  this  point  m 
the  creek.  These  relations,  considers 
with  the  topography,  suggest  that  in  th 
same  way  flows  may  be  obtained  on  tk 
western  side  of  the  hill  between  the  nil- 
road  track  and  the  creek.  The  extrem< 
eastern  limits  of  the  area  may  also  b 
extended  a  short  distance,  but  the  ex 
treme  western  limits  have  been  well  dc 
fined  by  borings.  The  head  and  flow  ( 
Mr.  Merrill's  well  on  the  southwestei 
limits  of  the  area  indicate  a  probab 
extension  of  the  area  as  indicated  in  fig.  37. 

The  water  is  in  every  case  hard,  and  leaves  an  incrustation  of  lin 
stained  by  iron  on  the  pipe.  It  is  used  for  stock  and  domestic  pu 
poses.  The  largest  flow  is  that  of  the  Merrill  well  (see  table);  tl 
flows  in  the  other  wells,  except  the  Hull  well,  are  small.  Mr.  Hi 
furnished  the  following  record  of  materials  penetrated: 

Record  of  Hull  weU,  ClarkwilU. 


"^"■'M 

^%^Sec.3 

Fio.  37.— Location  of  Clarksville  flows. 
Present  c.'ctont  shown  by  diagonal 
lines;  probable  extension  by  dotted 
lines.  Arrow  points  in  direction  of 
underground  flow. 


Clayey  soil 

Solid  blue  chiy 

Cloan  quartz  "gravel,  water  l>earlng. 

The  records  of  other  wells  show  the  same  succession  of  materit 
with  reniarkablo  uniformity  in  the  thickness  of  the  clay  and  the  pos 
tion  of  the  water  bod. 

Wells  in  Clarkftmlle  district  {T.  5  i\,;R.  8  W.). 


Sec- 
tion. 


Owner. 


made.  ;  Vepm. .   ^^^^    ^    mes 


Flow  I  T' 
minute.'  t« 


O.  Femey I ■ 

Dr.  A.  O.  Bush ,    1894    I 

L.A.ScovUle i    1894 

J.HmU '    18% 

G .  Forney ' ! 

E.  I).  Troyer , | 

.Ianie.<i  Snyder., 
Eliz.  Stewart.. 

F.  E.  Richards 
M.J.  IJadder 


Fret.  ' 

'^  \ 

27  , 

27  1 

22  i 

27  I 

27  i 


Wesl<»yan  Methodist  Church . 

Fnnl  Hess 

F.W.Merrill 


.do. 


L.  Braendle 1    1894 

do '    1894 


25  1 


26,' 
'261 


23, 
25  ' 


I 
Fret.   I 

815 ; 

819  , 

820  I 
820  1 
820  I 
824 
824 
822  I 
822  1 
824 
825 
827 
826 
826 
828 
826 


Feet. 

819 

819 

822 

824 


824 

825 

825 

826.5 

826 

832 

832.5 

830 


aall».\ 

1.83  I 
.6    I 

1 
10 

1 

8 


.14 


15 
5 


.12 
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HUBBARDSTON    DISTRICT. 

There  are  but  2  flowing  wells  in  the  village  of  Hubbardston;  one  is 
owned  by  the  village,  and  the  other  by  C.  K.  Bennett. 

The  village  well  was  drilled  in  1894  by  private  individuals  to  sup- 
ply a  village  watering  place,  and  to  throw  light  on  the  geologic  for- 
mations present.     The  depth  of  the  well  is  265  feet;  diameter,  5 
inches;  flow,  64  gallons  a  minute;  temperature,  50.8  °F. ;  altitude, 
670  feet;  head,  20  feet;  cost,  $2  per  foot.     The  driller  was  L.  J.  Lin- 
coln, of  Mason,  Mich.     John  A.  Tabor,  postmaster  at  Hubbardston 
and  one  of  the  promoters  of  the  well,  kindly  furnished  the  approxi- 
mate section  which  follows : 

Record  of  village  f  owing  well,  Hubbardston. 

I  Thickness.  I    ToUl. 

I 


I       Feet. 

SftDd  Aod  gravel  underlain  by  a  few  feet  of  hard  blue  clay 50 

Water-bearing  sand 65 

Very  hard  clay  with  occasional  layers  of  soft  clay 103 

ThiQ  layers  of  water-bearing  red  sand  with  a  flow  of  20  to  30  barrels  a  day '  2 

"Sandy  hardpan  "  with  no  water 40 

8»nd  and  gravel  from  which  present  flow  is  obtained ,  2 

Sandy  hardpan  in  which  drilling  was  stopped |  13              265 


Feet. 
50 
105 
208 
210 
250 
252 


The  water  contains  considerable  iron  and  occasionally  roils 
slightly.  No  reason  .for  this  is  assigned  except  that  after  having 
been  driven  to  265  feet  the  well  was  dynamited  at  250  feet  to  break 
the  pipe  where  a  flow  was  known  to  occur. 

The  depth  of  the  Bennett  well  is  50  feet;  diameter,  2  inches;  alti- 
tude, 652  feet;  head,  12  feet;  temperature,  51.3  °F.;  flow,  8  gallons 
a  minute.  This  well  is  at  present  used  to  supply  a  sawmill.  At 
one  time  the  citizens  of  the  village  imdertook  to  found  a  sanitarium 
to  make  use  of  the  well,  but  the  project  was  abandoned.  The  water 
is  said  to  be  derived  from  gravel  beneath  a  clay  hardpan. 

In  sec.  21,  Bloomer  Townsliip,  Montcalm  Cdunty,  5  miles  north- 
west of  Hubbardston,  an  old  well  is  reported  which  was  drilled  in 
search  of  coal.  No  data  are  at  hand  further  than  the  authenticated 
statement  that  the  well  is  at  least  200  feet  deep  and  flowed  when 
first  put  down. 

Between  this  flow  and  the  one  at  Hubbardston  there  is  lower 
ground  drained  by  a  tributary  of  Maple  River.  This  suggests  that 
the  field  might  be  greatly  enlarged.  The  depth  is  somewhat  unfa- 
vorable, however,  considering  the  fact  that  an  abundant  supply  of 
surface  water  can  be  so  easily  obtained  in  the  ordinary  dug  wells. 
Yet  for  some  of  the  larger  farms  of  this  district  flows  even  at  the 
greater  depth  would  be  profitable. 

Three  miles  southwest  of  Hubbardston,  on  the  farm  of  A.  S.  Jes- 
sup,  in  sec.  23,  T.  8  N.,  R.  5  W.,  is  a  spring  yielding  2  barrels  aj 
nunute,  the  largest  spring  found  in  this  part  of  live  Slal^,    T^ 
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years  ago  its  flow  was  concentrated  on  the  river  bluff  50  feet  above 
Maple  River,  but  since  then  it  has  cut  a  gully  250  feet  long  and  20 
feet  deep  at  the  mouth.  The  gully  heads  in  a  kettle  hole  toward 
which  both  the  surface  and  the  subsurface  drainage  is  directed.  The 
temperature  of  the  water  at  the  head  of  the  gully  is  53°,  at  the  mouth 
56^.  Tlic  gully  is  cut  in  a  marl  deposit  of  considerable  thickness,  fw- 
merly  used  in  the  manufacture  of  lime.  Lack  of  railroad  transpor- 
tation stopped  the  industry,  and  no  use  is  now  made  of  the  depook 

IONIA   DISTRICT. 

General  statement. — About  50  feet  above  the  floor  of  the  Grand 
River  Valley  are  the  numerous  surface  springs  of  Ionia.     Their  issu- 
ance! so  high  up  on  the  valley  side  is  caused  in  most  places  by  the 
outcrop  of  the  clay  of  morainic  origin  underneath  the  sand  and  gravel 
in  which  the  surface  water  accumulates.     The  water  furnished  by  the 
springs  is  used  for  drinking  and  household  purposes  by  private  fami- 
lies and  is  the  principal  source  of  the  supply  at  the  municipal  pumping 
station,  the  Michigan  Reformatory,  and  the  hospital  for  the  crimi- 
nally insane.     The  surface  water  is  usually  centralized  at  the  mouths 
of  the  small  valleys  tributary  to  Grand  River  Valley  or  in  the  adjacent 
kettle  holes,  which  have  been  tapped  through  the  headward  growth 
of  the  tributary  gullies.     A  very  good  example  of  the  latter  kind  ol 
centralization  of  drainage  is  found  just  back  of  the  river  bluffs  one- 
half  mile  west  of  Ionia. 

John  Flator,  living  just  outside  of  the  western  city  limits,  has  for 
years  irrigated  his  garden  from  a  stone  reservoir  built  about  60  feet 
above  the  lloor  of  Grand  Valley  and  in  the  path  of  the  surface  drain- 
age.    More  recently  he  has  irrigated  from  flowing  wells. 

Wclh.  -  The  following  table  gives  data  of  flowing  wells  in  the  Ionia 
district : 


Wells  in  Ionia  (/i/rfrir/. 


L«'t- 


"I' 


ttT  Town-  ij„„„.   ^,^,  'WhPn  '  ^^^ 

^      Ship     ""^^   ^;^:  owner.  :  m^e>*^Pt»^- i  .JJJ; 


Water 
riaea 
to- 


-I 

I 

Ffft.  I  Feet, 


Feet. 


irte.    ■^ 

1 

OaiU)  •*** 


605  >    .5 


E  7  <)  27     J.Horrocks 1000,       340  !    094  715    % 

D  7  0  21      Proapocting  Company 540      665  725  1300 

II  7  i\  30     H.  ir.  Fiorcc 1901    640  «70  '  1 

N  7  «:  21     O.  W.  <fc  II.  B.  Wobl)Pr !     18»J  !        247       678  TOO  >  4 

M  7  6.  20  ;  Wm.  O'Brion 1901       a  107      635  637  '    .25 

I  7  r.  19  ,  H.  R.  Welker '     189K  34(]  ,    682  006  130 

A  7  i\  19  I  Ionia  Water  Company 18«7   |      jJ^J  j  <»85 

O  7  i\  19  '  Ionia  Ga8an«ICok(*  Compunv..      1897  190      650 

B  7  6  19  ;  County  of  Ionia 320      <i65  '  OW  '  1.5    '    5^ 

n  7  7  24     W.  Yocmans 1899  240      700  I  720! 

A  7  7  24  I  John  FlaU'r 228      650  I  700  1 10 

C  7  6  19  I  Township  of  Ionia 1900'         80       042  672  1 18       '    5;^- 

L  7  6  20     F.  A.  Shuttuck i     1904.         *)7       635  I  637       .5        5^ 

J  7  6  20     Harper  Brothers 1900'         77J     635  1  640     1  5^ 

K  7.  6  20|H.  A.  Lock '    1903  1         83       635  643     4  5t^ 

._! ^_....j ; . I ; i._j 

a  TheK  is  some  doubt  as  to  the  depth  of  this  well.    It  probably  belongs  to  the  SO^oot  wxlea. 
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The  data  in  the  above  ta^\e  show,  besides  the  surface  system  just 
^  discussed,  two  distinct  sources  of  water,  one  occurring  at  80  to  100 
"'ieet  in  gravel  underiying  blue  clay,  and  the  other  in  rock  at  depths 
Tanging  from  200  to  nearly  700  feet. 

The  wells  of  the  first  class  yield  a  large  supply  of  water,  although 
I  ^arongly  chalybeate  in  most  cases,  and  might  profitably  be  prospected 
by  the  city  with  a  view  to  future  increase  of  municipal  supply.  All 
of  the  weUs  drawing  water  from  this  stratum,  except  that  belonging 
to  Ionia  Township,  are  in  a  group  on  the  north  side  of  Grand  River 
Talley;  the  township  well  is  located  almost  due  south  of  the  above 
group  on  the  south  side  of  the  valley. 

The  deeper  wells  draw  their  supply  from  the  rock.  The  well  of  the 
Prospecting  Company  has  a  larger  flow  than  any  other  named  in  the 
table,  penetrating  so  far  into  a  rock  formation  known  to  yield  water 
at  various  depths  that  it  undoubtedly  draws  its  supply  from  several 
horizons.  The  flow  was  originally  a  6-inch  stream  under  a  60-foot 
head,  but  through  neglect  the  pipe  has  become  partly  filled  with 


T.7N.,  R.7W. 


T.7  N.,  R.6  W^ 


\ 


^IG.  38.— Area  in  and  near  Ionia  in  which  flows  are  found.    This  could  ^^e  extended  some  distance 
both  up  and  down  Grand  Riv^r  Valley. 

quicksand  from  the  surface,  and  the  flow,  while  still  stronger  than 

^hat  of  any  other  well  in  this  vicinity,  is  considerably  less  than  at 

first.     The  hole  was  drilled  by  a  prospecting  company  in  search  of 

coal,  and  on  being  abandoned  by  the  company  the  water  was  piped  up 

^he  adjacent  bluff  to  a  farmhouse  and  for  years  supplied  the  farm. 

J-'Hter  its  use  in  this  way  was  discontinued  by  the  breaking  of  the  pipe, 

^nd  at  present  no  use  is  made  of  the  water,  which  is  allowed  to  run 

iuto  Grand  River. 

The  well  records  in  the  table  are  arranged  in  three  series,  approxi- 
^Uately  in  the  order  of  their  occurrence  down  the  valley:  First,  those 
deep  wells  which  are  located  on  the  south  side  of  Grand  River;  second, 
the  deep  wells  on  the  north  side;  and  third,  the  80-foot  wells  on  both 
sides. 

The  extent  of  the  area  under  consideration  is  about  6  square  miles 
V)ut  it  could  be  much  increased  (fig.  38).     A  flow  has  been  obtained 
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in  Grand  River  Valley  at  the  village  of  Siy^anac  and  others  at  Lowell, 
and  there  is  apparently  no  reason  why  flows  may  not  be  obtained  in 
the  valley  in  the  whole  intervening  distance  between  Lowell  and 
Ionia.  Up  the  valley  from  Ionia  as  far  as  Lyons  the  number  of  flow- 
ing wells,  at  least  at  present,  seems  to  depend  to  a  large  degree  on  the 
number  of  people  who  have  been  able  to  bear  the  ex{)en8e  of  putting 
down  wells  of  sufficient  depth. 

In  comparing  depths  of  wells  it  must  be  remembered  that  some  are 
on  the  valley  floor  and  others  on  the  terraces  and  valley  sides.  This 
accounts  for  the  considerable  difference  shown  in  the  column  of  alti- 
tudes. No  permanent  loss  of  head  is  noted  except  in  the  case  of  Mr. 
Yeomans's  well,  in  which  the  water  stands  several  feet  below  the  sur- 
face. This  well  was  dynamited  during  the  drilling,  and  the  conse- 
quent filling  may  have  caused  the  loss  of  head.  Temporary  losses 
are  frequent  through  sand-choked  conditions,  which  could  be  obviated 
were  the  same  care  exercised  in  entering  the  pipe  in  the  rock  which 
drillers  in  oil  regions  are  forced  to  exercise.  All  the  deep  wells  origi- 
nally supplied  from  15  to  75  gallons  a  minute,  depending  uniformly  on 
the  different  depths  and  the  difference  between  the  surface  elevation 
and  the  head. 

The  following  section  of  the  strata  as  they  occur  on  the  south  side 
of  the  river  was  kindly  furnished  by  J.  Horrocks,  formerly  a  well 
driller  of  Ionia: 

Record  ofweU  ftmith  of  Grand  River,  near  Ionia.  , 


jThiclmeaa. 


I 


Drift,  sand,  gravel,  and  clay *. 

Variegated  sandntonc 

A  long  series  of  nonwatei^bearing  shales  and  slates,  with  thin  interlxKlded  lavera  < 
of  conglomerate  and  fln^  clay,  with  coal  near  the  top  and  fire  clay  and  slightly 
thicker  seams  of  coal  at  the  bottom.    The  maximum  thickness  of  the  coal 
layers  is  said  to )»  3i  ieot  at  245  feet 

Parma  sandstone. 


Feet. 


170 


Total 


FeeL 


50 
UO 


The  Parma  sandstone  yields  water  from  the  top,  but  the  flow 
increases  with  the  depth.     Other  sections  are  as  follows: 

Record  of  well  of  Ionia  Oas  and  Coke  Company,  Ionia. 


Blrtck  muck 

Soft  marl  chiy 

Coarse  white  gravel 

Series  of  shales,  uith  thin  coal  wanis 

Parma  sandstone,  very  much  creviced  and  full  of  cavities. 


ThickncM. 

TotoL 

Feet. 

12 

8 

20 

180 

FeA. 
IS 

9 

• 

110 
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Record  cfJokn  Flater  well  {near  valley  hoUom),  Ionia, 


243 


titai^M&Ting  graTel  and  sand 

^^ne.t?:.. 

laandatone 


Thickness.     Total 


Feet.      '     Feet. 
90  90 

110  I  200 


28  ' 


228 


Tlow  began  as  soon  as  this  sandstone  was  encountered  and  increased 
ith  the  depth,  a  fact  reported  in  all  wells  in  this  formation. 

Record  ofH.  R.  Wdker  weU  (on  terrace),  Ionia. 


toad,  gitTel,  clay,  stones,  etc 

ftoBdir,  no  grit  or  sand 

■mditone,  very  *  *  soft  "for  the  first  8  teet 

Tluns nndstone,  very  "soft,"  i.  e.,  loose  textured  and  easy  to  drill 
Oitt,  extremely  hard,  no  water 


Thickness. 


Feet. 
257 
3 
43 
23 
14 


Total. 


Feet. 


267 
280 
303 
326 
340 


The  supply  is  obtained  in  the  Welker  well  from  the  Parma  sand- 
i.  stone.    Dynamiting  is  said  to  have  increased  the  flow  by  half. 
The  80-foot  series  of  wells  all  show  approximately  the  following: 

Record  of  80-foot  weUa,  Ionia. 


Sariicc  loam 

BloecUy 

(3«a,  loose,  water-bearing  gravel. 


The  Ionia  Water  Company,  Charles  Girard,  superintendent,  oper- 
ates four  wells  supplied  from  the  springs  described  on  p.  240.  It 
also  owns  four  artesian  wells  var\nng  in  depth  from  525  to  650  feet. 
The  two  deepest  ones  yielded  brackish  water,  and  were  plugged. 
The  water  in  the  others  is  not  considered  so  good  as  that  from  the 
mrface  wells,  and  is  not  used  except  in  cases  of  emergency.  Tlie 
storage  reservoir  has  a  capacity  of  18,000  barrels,  and  holds  at  all 
imes  5,000  barrels  for  fire  protection.  About  800,000  gallons  are 
ised  daily.  The  two  pumps  have  a  united  daily  capacity  of  3,000,000 
:allons. 

The  following  partial  anal^'sis  shows  the  composition  of  water 
rom  a  deep  well  owned  by  H.  R.  Welker,  at  Ionia,  in  the  Parma 
andstone.  The  data  were  furnished  by  M.  O.  Leighton,  of  the 
'nited  States  Geological  Survey. 
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Partial  antUyni  cfvfeU  waitr  at  Icma, 

Parte! 

Color 

»^  Iron  (Fo) ^ 

Chlorine  (Q) 

Carbon  dioxide  (OO2) 

Sulphur  trioxide  (SO,) 

Hardness  (as  CaCO,) •. 

S.  J.  Lewis,  analyst.     Depth,  336  feet. 

8HILOH   AREA. 

But  one  flow  has  been  secured  in  Shiloh,  Ionia  County, 
located  on  the  farm  of  C.  H.  Brown,  1  mile  west  of  Shiloh  st« 
sec.   11  in  the  valley  of  a  small  unnamed  tributary  of  Di< 
Creek.     The  altitude  is  670  feet,  the  depth  24  feet,  and  the  di 
IJ  inches. 

The  well  was  driven  in  1904,  the  material  being  sand  for  t 
6  feet  and  then  clay  until  water-bearing  sand  was  encounters 
feet.  The  head  is  3  inches,  but  in  lower  places  in  the  same 
many  flows  could  probably  be  secured  with  a  head  of  sevei 
The  flow  at  the  surface  is  one-fourth  gallon  a  minute.  Th< 
is  strongly  chalybeate,  and  the  screens  are  clogged  and  n 
worthless  after  only  a  few  months'  use. 

V 

7  WATKKWORKS. 

LAKE    ODESSA. 

i  '■ 

The   pumping  station   which   supplies   water   to   this  vil 
southern  Ionia  County  is  on  the  shore  of  Lake  Jourdan,  wh 
\  \  southeast  of  the  village.     The  lake  is  in  a  basin  surrounded  b 

or  less  steep  slopes  leading  up  to  the  gently  undulating  area  01 
the  village  is  built.     The  altitude  of  the  lake  is  810  feet;  tha 
village  840  to  865  feet  or  more. 
?  'I  Water  is  supplied  from  four  6-inch  wells  from  48  to  52  fee 

J''  i  the  water  standing  3  feet  above  the  lake  surface  or  813  feel 


IONIA    COUNTY.  245 

owners  use.  The  present  system  amply  supplies  the  needs  of  the 
Tillage.  It  was  established  in  1899.  The  superintendent  is  Emerson 
loci. 

MUIR   AND   LYONS. 

Muir  and  Lyons,  neighboring  villages  in  eastern  Ionia  County, 
are  situated,  the  one  on  Maple  River  just  before  it  joins  the  Grand 
and  the  other  on  Grand  River  where  it  turns  sharply  to  the  west. 
Below  this  point  the  river  follows  an  old  line  of  glacial  drainage.  The 
villages  are  built  partly  on  the  slopes  and  partly  on  the  floor  of 
Grand  River  Valley. 

The  water  supply  at  both  places  is  from  dug  wells  20  to  40  feet 
deep,  the  water  level  being  about  12  feet  below  the  syrface  of  the 
flood  plain,  on  which  the  business  parts  of  the  towns  are  built.  In 
Muir  a  public  drinking  fountain  is  supplied  with  water  from  a  spring 
20  feet  above  it  on  the  neighboring  bluff  to  the  northwest.  The 
water  runs  by  gravity  pressure  at  the  rate  of  12  gallons  a  minute. 
The  village  has  a  population  of  750,  and  has  no  fire  protection. 

Lyons,  with  a  population  of  about  880,  has  a  system  of  fire  pro- 
tection with  direct  pressure.  The  pump  is  operated  by  waterpower 
in  connection  with  a  gristmill,  and  is  set  in  motion  in  a  very  few 
minutes.  A  maximum  pressure  of  250  pounds  may  be  attained. 
The  pipes  extend  only  along  the  main  street,  but  are  1 ,000  feet  in 
length,  and  give  protection  to  practicaUy  aU  the  village  on  the  east 
side  of  Grand  River.  The  extension  of  the  mains  to  the  west  side 
of  the  river  is  under  consideration. 

PORTLAND. 

The  village  of  Portland,  at  the  junction  of  Grand  and  Looking- 
glass  rivers,  in  Ionia  County,  has  its  water  supply  from  1  well  32  feet 
deep,  dug  in  1889,  into  the  bottom  of  which  18  feet  of  pipe  has  been 
driven,  and  from  five  tubular  wells  driven  in  1900  to  a  depth  of 
38  to  43  feet.  The  wells  are  at  an  altitude  of  727  feet,  and  are  located 
on  the  edge  of  a  terrace  bordering  the  flood  plain  of  Lookingglass 
River.  The  water  rises  within  2  feet  of  the  surface  under  normal 
static  conditions,  but  the  drafted  head  is  much  less.  When  pumped 
at  the  rate  of  40,000  gallons  an  hour,  the  wells  show  a  lowering  of 
head  within  one-half  hour.  A  steady  drafted  head  is  maintained 
when  the  wells  are  pumped  at  the  rate  of  15,000  gallons  an  hour. 
The  water  is  pumped  into  a  stone  tower,  65  feet  above  the  level  of 
the  well  heads,  which  has  a  capacity  of  85,000  gallons.  To  insure  a 
supply  of  water  under  high  pressure  in  case  of  fire,  connection  is 
maintained  with  the  river,  and  river  water  may  be  pumped  into  the 
mains. 

iKB  182-06 17 
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The  town  is  growing  steadUy,  and  the  mains  are  being  extended 
SO  rapidly  that  new  sources  of  supply  must  be  sought.  No  deep 
borings  have  been  made,  and  in  the  absence  of  these  tests  posBible 
deeper  supplies  may  be  neglected.  Springs  along  Lookingghw 
River,  one-half  mile  above  the  town,  are  looked  to  by  the  towns- 
people for  increasing  the  supply. 

The  superintendent  of  the  waterworks  is  Charles  SeUeck.  The 
original  cost  of  the  plant  was  $13,000,  and  the  approximate  amount 
pumped  daily  is  250,000  gallons. 

The  following  analysis  of  Portland  water  was  made  in  1899  by 
Prof.  R.  C.  Kedzie: 

Analysis  ofvxUer  at  PorQ/andA 

Parts  per  '  PtrUpv 

million,     i  — «..— 


Total  solids 357.15  I  Temporary  hardnees 57.15 

Volatile  at  red  heat  (organic) 42. 86     Nitrites None. 

Mineral  matter 314.29  '  Nitrates 21.43 

Chlorine 30. 00  j  Free  ammonia U 

Total  hardness  by  soap  test 185.72     Albuminoid  ammonia 05 

Permanent  hardness 128.  57 

Water  colorless,  odorless,  tasteless.  Quality  good.  Relatively  lai^  amount  of  nitnttf. 
Hardness  relatively  high.  Organic  matter,  containing  nitrogen,  is  nearly  oxidized.  Smili 
amount  of  chlorides  tends  to  show  the  water  free  from  sewage.  If  the  water  is  boiled  it  is 
not  so  hard,  some,  of  the  CaOOj  being  precipitated  by  boiling. 

WATER  SUPPLIES  OF  MONTCALM  COUNTY. 

By  Isaiah  Bowman. 

GENERAL.  STATEMENT. 

In  Montcalm  County  the  writer  examined  each  of  the  several  small 
flowing-well  districts,  and  also  each  village  and  city  in  which  public 
supplies  have  been  established.  The  county  as  a  whole  is  well 
watered,  and,  aside  from  flowing  wells  and  a  few  deep  test  borings  foi 
coal,  the  residents  have  sunk  few  wells  to  depths  of  over  50  feet,  aad 
many  of  the  wells  are  30  feet  or  less  in  depth. 

FLOWING  WELLS. 

CEDAR    LAKE. 

The  basin-like  area  in  which  the  Cedar  Lake  flows  are  obtained  is  at 
the  head  of  a  tributary  of  Pine  River  and  is  partly  encircled  by  sandy 
hills,  the  rainfall  of  which  feeds  the  flows  (see  sketch  map,  fig.  39). 
The  best  records  of  materials  penetrated  in  driving  the  wells  are 
uncertain,  but  all  agree  in  recording  a  thin  clay  layer  about  25  feet 
below  the  surface,  beneath  which  the  artesian  supply  is  obtained. 
The  wells  are  all  about  30  feet  deep, 

a  Expresaed  by  analyst  in  grains  per  gallon  and  hypothetical  combinations;  moomputMl  to  kmie 
fomi  and  iMuta  per  million  at  United  States  QeologLoal  Survey. 
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The  area  has  been  well  developed  in  its  upper  part  but  not  in  i 
lower  or  northern  and  northwestern  part,  where  more  flows  c 
-undoubtedly   be    obtained.     The    latter 
aection   is   uncleared    and    marshy   and 
therefore    uninhabited,  so  that   the  full 
extent  of  the   area  of   possible  flows  is 

not  determined. 

The  diameter  of  pipe  used  in  nearly 

all  cases  is  li  inches.     The  water  of  all 

the  wells  is  strongly  chalybeate.      The 

weUs  are  lettered  on  the  map  in  the  order 

of  their  occurrence  from  south  to  north 

over  an  area  100  rods  long  and  20  rods 

wide.     The  first  flowing  weUs  were  driven 

about  twenty  years  ago  and  the  others 

soon  after,  except  the  last  one  in  the  table, 

which  was  put  down  in  1900  and  yields  an 

'  exceUent  flow.     The  rusting  of  the  pipes 

and  clogging  by  sand  makes  the  other  flows  irregular  at  the  prese 

time. 

WeOs  at  Cedar  Lake  (J.  12  N.,  R.  6  W.) 


Fio.  39.— Relation  of  Cedar  Lake  fl 
to  topography  and  drainage. 


Letter! 

on  fig.  I 

3B. 


A 

I 
J 
R 
E 
L 


Sec- 
tion. 


25 

25 

25 

25 

25 

25i 

25 


Owner. 


H 

251 

K 

25 

? 

25 
25 

O 

25 

N 

25 

M 

24 

Pere  Marquette  Railroad. 

I.N.  Collins 

....do 

D.E.Cole 

A.  Munn 

A.  D.  Jobes 

Fred  Brink 

Wm.  Nelson 

Village  of  Cedar  Lake 

H.  M.  Devereaux 

Sidney  Phlppeny 

A.  Fierce 

W.W.Carroll 

Sidney  Phlppeny 


Eleva- 
tion. 


Water  Flow  i  rp„^, 
rises  per  i  ^^f^. 
to-      minute.      *^"' 


Feet. 

Feet. 

Gallons. 

864 

867  1    0.75 

8C4 

870 

1.25 

866 

867 

.25 

859 

867 

3 

866 

867 

.12 

864 

871 

.25 

862 

865 

.5 

864 

865i 

.25 

8.50 

865 

1 

8.59 

865 

1 

864 

868 

3 

864 

W)7 

4 

864 

871 

.25 

854 

868 

20 

CRYSTAL   LAKE    DISTRICT. 


Under  Crystal  Lake  are  treated  four  isolated  and  appareni 
unrelated  flows  in  eastern  Montcalm  County,  lying  in  a  line  runni 
from  the  west  end  of  Crystal  Lake  south  to  the  Pere  Marquei 
Railroad. 

Near  the  west  end  of  Crystal  Lake  in  sec.  7,*T.  10  N.,  R.  5  W.,  is  t 
well  belonging  to  school  district  No.  7,  Crystal  Township.  It  is 
inches  in  diameter,  100  feet  deep,  and  barely  flows  at  the  surfa- 
which  is  777  feet  above  tide  To  facilitate  getting  water  a  pui 
has  been  installed.  Attempts  to  obtain  flows  on  the  slightly  higl 
ground  elsewhere  in  the  vicinity  have  been  unsuccessful.    On  t 
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shore  of  the  lake  flows  may  be  obtainable,  but  no  attempt  has  beenj 
made  to  secure  them.  The  rapid  growth  of  the  little  summer  colony] 
at  the  eastern  end  of  the  lake  suggests  that  such  a  well  might  be] 
]>rofilal)Ie  to  the  owner.  Ordinary  dug-well  records  show  the  materiil  I 
in  which  the  water  occurs  to  be  a  rather  fine  sand  underlying  clay  with 
alternating  layers  of  quicksand.  At  the  surface  is  16  feet  of  ordinaij  j 
coarse  sand. 

Tlie  other  tliree  flowing  wells  of  the  area  are  extremely  shallow,  one  j 
being  12  feet  and  two  16  feet  in  depth.     In  all  three  the  materiilj 
])enctrate<i  is  nearly  the  same — a  few  feet  of  clayey  soil,  then  clay  or  1 
quicksand    to   the   bottom,   where   coarse   water-bearing  gravel  iij 
encountered.     The  wells  are  all  on  low  ground  near  brook  courses 
and  seem,  so  far  as  su^ested  by  the  topography,  to  depend  on  a  very 
limited   catclnnent   area   for  their  suppl3'.     The  water  is  strongly 
impre<rnated  with  iron,  and  the  flow,  on  account  of  the  coating  formed ; 
on  the  screen,  soon  decreases  and  finally  ceases  altogether.     Tlie  pipe  ^ 
is  then  drivcMi  down  a  few  inches  with  a  stone  or  sledge  hanuner, 
which  loosens  the  deposit  around  the  screen  and  thus  restores  free 
circulation,  so  tluit  the  original  flow  is  resumed.     On  account  of  the 
slight  (lcj)th  the  total  cost  of  each  well  was  but  a  few  dollars. 

H'J/x  in  Crucial  Lake  diMrid. 


I  own 

Shi 

N 


^>^^        W         t.on.                  "^"'''^-                 nm.lr.     '^'I****-  tion.   ;  ^^  ■  miSiu*.  i    **"'^- 

Ftft.  Ffft.   !  Ft€t.   !  QaUon».  '      "F. 

r.            12      K.  n.  Lnv.'tt 1:J(H)            \\\  77!  \       779            1                    51.5 

«,     M.   v.  IK*  Hurt IHVi             ifi  784:        787              .12' 

.u»     M.  S.  I  J, I  ml  tot' is<*i            12  804  :        MB  I          1                    52.2 


Then*  arc  juany  sj)nngs  in  this  locality,  all  yielding  iron-impreg- 
nated water.  The  lh>ws  in  the  shallow  wells  apparently  have  a  source 
identical  with  that  of  the  s|)riii<^.  The  fine  quicksand,  even  where 
clay  is  altogether  lacking,  t)fl'crs  sullicient  resistance  to  the  upward 
j)assagc  of  water  to  permit  tlu*  maintenance  of  a  low  head  in  the 
underlying  stratum. 

WHITE    FISH    LAKE. 

The  single  flowing  well  of  (\  (\  llartt  at  White  Fish  Lake  in 
western  Montcalm  County  (T.  11  >J.,  K.  10  W.,  sec.  20-A)  is  of  unus- 
ual interest  iji  suggesting  the  possibility  of  obtaining  artesian  water 
in  similar  localities  elsewhere  on  the  shores  of  the  larger  morainic 
lakes,  where  flows  are  not  usually  expected.  Steep  morainic  hills 
inclose*  White  Fish  Lake  and  ordinary  dug-well  records  show  the 
gradient  of  the  clay  and  sand  layers  beneath  the  surface  to  be  steep 
also.  This,  with  the  j)arti(^ular  alternation  of  material  found  here,  as 
show  n  in  the  carefully  kept  record  below  given  by  Mr.  Hartt,  favors 
the  possibility  of  flows: 
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Record  of  Hartt  weU,  While  Fish  Lake. 


Thickness. 

;        Feet. 

mne,  yellow,  water-bearing  sand 40 

(This  yields  a  flow  at  30  feet,  but  the  material  can  not  be  screened.) 

910?  clay,  free  from  stones  and  sand .10 

CUy  and  gravel  mixed,  runnkig  Into  clean  water-))earlng  gravel 5 


Total. 
Feet. 


40 


70 
75 


The  well  was  driven  by  the  owner  in  1899.  The  temperature  is 
50.2°.  The  flow  is  so  strong,  because  of  the  20- foot  head,  that  a 
screen  is  unnecessary.  The  2-inch  stream  yields  about  40  gallons  a 
minute  and  supplies  a  small  summer  village  of  about  20  families, 
which  have  been  attracted  to  the  lake  partly  because  of  the  excellent 
inter.  Enough  iron,  sulphur,  and  sulphureted  hydrogen  is  con- 
tamed  in  the  water  to  make  it  medicinally  valuable,  a  feature  in 
^  greater  or  smaller  degree  present  in  most  flowing  wells  in  this  part  of 
i  the  State.  The  above  constituents  were  determined  through  a  par- 
!  tial  analysis  made  by  Professor  Kedzie  in  1899. 

WATERWORKS. 

CARSON    CITY. 

Carson  City  is  located  in  the  southeastern  part  of  Montcalm  County, 
on  the  western  border  of  the  Riverdale  moraine.  The  district  is 
drained  by  Fish  Creek,  a  tributary  of  Maple  River.  The  poj)ulation 
of  890  get  their  water  supply  from  dug  and  driven  wells  12  to  60  feet 
deep  in  gravel  lying  beneath  clay.  The  average  depth  of  the  wells 
in  the  village  is  24  feet,  the  average  distance  to  water  being  20  feet. 
A  village  water  s^-stem  was  established  in  1888  at  a  cost  of  $13,000, 
which  supplies  water  for  manufacturing  purposes  and  fire  j)rotection 
at  the  rate  of  20,000  barrels  daily.  The  water  is  pumped  from  Fish 
Creek  and  conveyed  along  the. principal  streets  in  6-inch  and  8-inch 
mains  which  have  a  total  length  of  10,824  feet. 

EDMORE. 

The  Edmore  water  system  was  installed  in  1880  and  uses  four 
2i-inch  driven  wells  each  60  feet  deep.  The  depth  to  water  is  40 
feet  and  the  surface  elevation  944  feet.  Pumping  is  not  continuous, 
the  pumps  being  run  only  four  hours  daily.  The  water  is  j)uinj)ed 
into  a  reservoir  with  a  capacity  of  2,600  barrels,  which  stands  sufli- 
ciently  high  above  the  village  to  give  strong  })ressure.  The  system  is 
chiefly  for  fire  protection,  th(»  water  being  used  by  only  about  60 
families,  and  by  these  chiefl}^  for  toilet  purposes.  The  water  mains 
are  located  only  on  main  streets  and  have  a  total  length  of  2,260 
feet,  half  being  of  6-incli  and  half  of  3-inch  pipe.     The  water  is  very 
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hard,  and  continuous  use  of  a  borax  compound  is  apparently  the 
way  to  preserve  the  boilers  from  scaling. 

The  above  data  were  furnished  by  H.  T.  Aldrich,  engine 
Edmore  pumping  station. 

Tlie  dug  wells,  which  supply  the  greater  part  of  the  village  ^ 
are  from  16  to  40  feet  deep  in  sand  and  gravel,  and  as  the; 
frequently  in  close  proximity  to  cesspools  they  are  a  menace  t 
health  of  the  village,  a  feature  of  water  supply  by  no  means  coi 
to  Edmore.     There  are  no  flowing  wells  in  liie  village. 

GREENVILLE. 

Greenville,  in  southeastern  Montcalm  County,  gets  its  supply 
wells  in  the  valley  of  Flat  River,  the  pumping  station  being  sit 
on  the  floo<i  plain  west  of  the  Pere  Marquette  Railroad  bridge. 
altitude  of  the  surface  at  this  point  is  about  800  feet. 

There  is  one  open  brick  well,  24  feet  in  diameter  and  20  feet 
connected  with  nine  6-inch  wells  40  feet  deep.  The  water,  wl 
from  the  same  bed  in  all  the  wells,  stands  from  3  to  5  feet  belo 
surface.  The  material  in  wliich  the  water  occurs  is  sand  and  g 
whicli  extends  40  feet  below  the  surface — the  depth  of  the  tu 
wells:     The  water  bed  is  limited  below  by  a  layer  of  stony  clay 

The  present  system  was  established  in  1888.  Its  original  cos 
about  S44,000,  but  the  extensions  and  improvements  made  since 
will  increase  this  amount  to  a  total  of  $70,000.  The  Holly  d 
j)ressurc  system  is  in  use.  pumping  on  an  average  for  the- year  3C 
p:all()iis  daily.  At  j)resent  between  400  and  500  families  us 
j)ublic  water.  Water  is  delivered  and  fire  protection  secured th 
nearly  10  miles  of  mains. 

With  a  view  to  an  increased  How  of  water  to  the  pumps  and 
fore  ease  of  pumj)ing,  a  deej)er  4-inch  boring  was  put  dow^  in 
oO  feet  south  of  the  pumping  station,  at  a  cost  of  $300,  by  H 
Gardner,  of  Birmingham,  under  the  direction  of  Mr.  William  S. 
ard,  superintendent  of  the  Greenville  water  system.  Mr.  R 
Motlet,  engineer  at  the  pumping  station,  furnished  the  foll< 
record : 

Itecord  of  (Irtp  Iwring  at  u^U^ruHfrks,  (rnenviUr. 


Whlto,  wat<'r-)H»aring  Rand 

• '  Ilaninan."  hanl,  stony  clay 

Wat<»r-iK'aring  Hand  and  gravel 

Hard.  drv.  stony  clav 

Alt«'rnatfng  layers  of  dry  clay  and  wator-l)carlng  gravel,  torminatod  by  coarse 
sand  and  gravel  containing  water  with  greater  head  than  any  previously 
encountcrou *. . 


Thickness.  • 

Feet.      ; 
42  I 

2  ! 
10  i 

67  1 


montcalh:  county. 


25 


The  water  rises  to  S20  feet  above  tide,  or  20  feet  above  surface 
and  the  flow  is  20  gallons  a  minute.  A  high  percentage  of  sulphi 
xeted  hydrogen  and  iron  gives  the  water  an  extremely  unpleasai 
olor  and  taste,  so  that  it  is  not  used  for  public  supply.  Except  f( 
its  limited  use  medicinally  it  is  allowed  to  run  to  waste  into  Fh 
Xiver  from  the  jet  fountain  which  it  operates. 

The  position  of  the  waterworks  with  reference  to  adjacent  slop< 
mod  shallow  drainage  has  been  well  chosen,  but  the  water  is  all  surfa( 
water  and  contamination  from  near-by  sources  is  not  impossibL 
Danger  would  be  lessened  if  the  wells  were  driven  5  feet  deeper,  to  tt 
water-bed  beneath  the  hard,  stony  clay. 

HOWARD   CITY. 

The  flows  at  Howard  City  occur  near  Tamarack  Creek,  and,  as  tl 
table  shows,  they  have  such  a  small  head  that  but  a  short  distanc 
back  from  the  creek  they  can  not  be  obtained. 

Flawing  wdU  in  Howard  City  (T.  12  N.,R.  10  W.). 


Owner. 


Howard  City... 
B.J.  Lowtey... 
C.  C.  MemKDger 


When 
made. 


ig03 
1896 
1900 


Depth. 


Feet. 
151 
136 
47 


Ebva- 
tion. 


Water 
rises 
to— 


Feet.  Feet. 

867  874 

870  874 

871  873 


Flow  per 
minute. 


OaUont. 
20 
2 
.6 


Tempe 
ature. 


'*  F. 
4S 


The  city  well  mentioned  in  the  table  is  only  3  feet  above  the  surf a( 

of  Tamarack  Creek.     In  driving  it  two  water-bearing  strata  wei 

tticountered — one  at  47  and  one  at  80  feet,  with  the  same  head  tht 

the  deeper  one  exhibits.     The  ground  water  is  within  7  feet  of  tl 

surface  throughout  the  area  back  from  the  immediate  neighborhoc 

of  the  creek.     The  surface  sand  is  35  feet  thick  and  is  underlain  h 

several  feet  of  hard  blue  clay.     The  first  flow  is  found  under  the  clay  i 

a  gravel  layer  about  4  feet  thick.     Blue  clay  extends  below  this  to  tl 

bottom  of  the  well,  except  for  the  layer  of  gravel,  bearing  artesia 

water  at  80  feet.     No  further  attempts  to  obtain  flows  are  known  1 

have  been  made  near  by  along  Tamarack  Creek.     Attempts  h&^ 

been  made  several  miles  upstream,  but  because  of  insufficient  hea 

have  not  succeeded. 

The  pumping  station  at  Howard  City  was  established  in  1890  an 
furnishes  creek  water  'for  fire  protection  and  toilet  purposes  onl; 
The  mains  are  4,  6,  and  8  inches  in  diameter.  On  an  average  200, OC 
gallons  are  pumped  daily.  The  capacity  of  the  pumps  is  1,500,0C 
gallons  a  day.  The  engineer  is  R.  A.  Smith.  The  city  drinkir 
water  is  obtained  in  part  from  the  flowing  well  at  the  pumping  statioi 
the  water  being  carried  in  buckets,  and  in  part  from  ordinary  di 
wells,  which  have  an  average  depth  of  about  35  feet. 
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STANTON. 

Tlie  water  supply  of  Stanton,  the  county  seat  of  Montcalm  County, 
is  obtained  from  two  wells  dug  to  a  depth  of  20  feet,  into  the  bottom 
of  which  10-foot  lengths  of  pipe  are  driven.  Under  pumping  the 
water  is  1  foot  below  the  surface;  the  static  head  is  2  feet  aboyethe 
surface.  The  water  is  pumped  into  two  basins — one  is  built  of  cement 
and  htus  a  (capacity  of  90,000  gallons,  the  other  is  formed  by  a  wooden 
curb  rest  ing  on  clay  and  has  a  capacity  of  7,000  gallons.  The  daily 
amount  supplied  to  the  village  is  about  150,000  gaUons.  The  plant 
was  establislied  in  1S90  at  a  cost  of  about  $13,000.  Since  1896  an 
electric  lighting  plant  has  been  operated  in  connection  with  the 
waterworks. 

The  character  of  the  Stanton  water  may  be  better  understood  from 
the  succession  of  deposits  found  here.  The  surface  sand  and  gravel 
continue  down,  becoming  increasingly  finer  to  from  20  to  25  feet 
b(»low  the  surface,  where  clay  is  found  having  a  thickness  of  about  20 
feet  in  some  places  50  feet.  Water-bearing  gravel  and  sand  lie 
beneath  the  chiy  and  it  is  chiefly  from  this  source  that  the  village  is 
suj)plied.  The  water  is  artesian  and  of  the  quality  indicated  by  the 
followir.g  analysis  made  by  Prof.  R.  C.  Kedzie  in  1885: 

Anahjs'is  of  u\ihr  from  Stanton  arffsian  ?/y7/.« 

PHits  per  million. 

Total  solids 296.01 

Volatile  at  rod  hrat  (or^anic'> 38 


Fixed  miiuMal  residue 258.01 


Caleiiini  ((^i) 68.36 

Ma^MiesiuiM  (M^O 23.05 

SiMiium  (Na) 79 

Chlorine  {C\) 1. 21 

Sulphate  radicle  (SO^) 71 

Carhouate  radicle  ((X).,) 158.  89 

Silicu  (SiO.) 5 


258.01 


The  volatile  matter  consists  ehiefly  of  organized  carbon  and  contains  no  oi^anic  nitro- 
gen (yielding  albuminoid  ammonia).  It  contains  a  slight  trace  of  free  ammonia — 0.01  per 
million  parts  of  water.  It  contains  traces  of  nitrates  but  no  nitrites.  In  a  sanitary  view 
this  water  is  good,  >\nth  the  exception  that  it  is  hard. 

About  25  rods  north  of  the  village  wells  and  close  to  the  west  side 
of  the  railroad  track  is  the  well  of  O.  D.  Vandebogtt,  which  is  30  to 
:^o  feet  deep  and  penetrates  similar  material,   the  clay  bed  being 

<«  Expr('ss»>(l  hv  analyst  in  grains  nor  gallon  and  hypothetical  combinations;  n'oonipuUvi  to  ionic 
form  and  parts  ptr  iniUion  at  United  States  Geological  Survey. 


MONTCALM    COUNTY.  253 

hinner  at  this  point.     An  analysis  of  the  water  made  in  18S6  gave 
he  foUowing  results: 

Analysis  of  water  from  Vandehogtt  weR.a 

Parts  per  million. 

•oUl  solids 279.10 

''olatfle  at  red  heat 40 

Fixed  mineral  reside 239. 10 

Jikaum(Ca) 67.58 

bgiiesium  (Mg) 17. 29 

«dium(Na) 79 

*loriiie(Cl) 1.21 

kilphate  nuiicle  (SO4) .29 

2wbonate  nuiicle  (OOJ 142.93 

lion  (Fe) Trace. 

3iBc»  (SO^) 9 

239.09 

The  temperature  of  the  water  is  49.2°  F.;  altitude,  870  feet;  head, 
2 feet;  flow,  2  gallons  per  minute;  diameter  of  pipe,  2  inches;  driller, 
James  David. 

The  surface  water  in  the  vicinity  of  Stanton  continues  to  the  clay 
kver,  and  has  a  variable  head,  directly  related  to  local  rainfall. 

From  the  fact  that  the  curb  well  at  the  pumping  station  rests  on  the 
clay  and  that  the  lowering  of  the  head  by  pumping  prevents  the 
artesian  water  from  counteracting  the  inflow  of  the  surface  water,  it 
will  be  seen  that  more  or  less  surface  water  enters  the  wells.  There 
is  thus  a  source  of  contamination,  rendered  the  more  easily  possible 
from  the  fact  that  the  pumping  station  lies  below  the  village  in  direct 
line  with  the  surface  drainage,  and  the  danger  is  augmented  by  the 
lack  of  a  sewer  system. 

About  the  village  are  numerous  springs,  differing  greatly  in  min- 
eral properties.  Some  contain  large  (juantities  of  lime,  others  iron, 
and  still  others  sulphur  and  magnesia  in  quantities  sufficient  to  be 
lecidedly  laxative  in  effect.  The  springs  are  at  the  foot  of  gravel 
lills  and  express  the  concentration  of  surface  waters  at  gradients  too 
teep  to  enable  the  water  table  to  adjust  itself  quickly  enougli  for  a 
ontinuance  of  subsurface  flow. 

Aside  from  the  small  area  of  low  ground  adjacent  to  the  pumping 
tat  ion,  there  seems  to  be  no  opportunity  for  the  further  develop- 
lent  of  artesian  wells  in  this  section. 

«  Expressed  by  analyst  In  grains  j^t  gjillnn  ami  hypotln'tifal  combinaticuis;  n'Conii)iit<'(i  to  ionic 
rm  and  parts  per  million  at  United  Stat<'s  (W-ologicuI  Surv«'y. 
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WATER  SUPPLIES  OF  OTTAWA  COUNTY. 

By  Isaiah  Bowman. 

GENERAL  STATEBIENT. 

This  county,  which  borders  Lake  Michigan  and  was  largely  cov- 
ered by  the  lake  after  the  withdrawal  of  the  ice  sheet,  has  wide  areas 
of  sand  in  which  surface  wells  are  obtained  at  depths  of  20  feet  or 
less.  Below  the  sand  there  is  usually  a  compact  clay  into  which  web 
may  need  to  penetrate  to  considerable  depths  before  striking  the 
water-bearing  sand  and  gravel.  As  yet  the  deeper  water  beds  htve 
been  explored  but  little.  The  flowing-well  districts  lie  in  the  eastern 
and  southern  parts  of  the  county,  and  are  associated  with  morainic 
ridges  which  serve  as  catchment  areas,  as  indicated  below.  Urn 
writer  gave  attention  chiefly  to  the  flowing  wells  and  public  suppliflB 
of  the  several  towns,  and  gave  only  casual  attention  to  other  suppUn. 

FLOWINC;  WELLS. 


CONKLIN    DISTRICT. 


R.O  W* 


The  flows  of  the  Conklin  area  (see  fig.  40)  occur  near  the  head-  ^ 
waters  of  a  southeastern  tributary  of  Crockery  Creek  in  the  north- 
eastern part  of  Ottawa  County.  This 
tributar}'  drains  the  intermorainic  am 
just  east  of  that  described  in  the  Coopen- 
ville  report,  but  the  stream  flows  north 
and  around  the  CoopersviUe  area  and 
reaches  Grand  River  southwest  of  Coop- 
ersviUe. The  flows  have  been  developed 
at  only  a  few  places  in  the  broad  sag 
between  the  moraines,  and  their  possible 
extension  is  unknown.  The  topography 
of  tliis  area  is  more  irregular  than  that 
of  the  inteniiorainic  area  west  of  it,  9xA 
consequently  the  flows  are  not  in  such 
dose  relation  as  those  at  CoopersviUe. 

Originally  the  greatest  flow  was  froD^ 
the  well  of  Mr.  John  Zimmer,  whicl* 
yielded  20  gallons  a  minute  when  fix** 
drilled  and  had  a  head  of  30  fe^** 
Through  deposition  on  the  screen  the  flow  has  diminished  to  otx^ 
half  gallon  a  minute.  The  other  wells  have  suffered  similar  but  n^ 
so  great  decrease. 


Fi(i.  40.-  l't>ssil>lc  oxti'nt  of  Conklin 
Qi'ld  over  wntlons  wh«'n»  flowing  wells 
o<rur. 


OTTAWA    COUNTY. 
Wdls  in  CanJdin  area  (Tpa.  8  and  9  N,,  B.  IS  Tf .). 
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-                         Ow«r. 

1 

When 
made. 

Depth. 

Eleva- 
tion. 

Water 
rises 
to— 

Flow 
mmute. 

Temper- 
ature. 

4 

J-  Zimmer, ,    

1800. 

Feet. 
50 
170 

Feet. 
842 
790 
832 

Feet. 
872 

"'834* 

Oallons. 

0.5 

.12 

.75 

.75 

OF. 
52.5 

^ 

A.  Mapes. 

53 

M 

S.  W.Wright 

51.9 

M 

Do 

853          854 

51.2 

COOPERS VILLE    AREAS. 

oopersville  flows  occur  in  two  areas  near  the  village,  in  north- 
Ottawa  County,  each  about  200  acres  in  extent,  and  on  low 
adjoining  Deer  Creek.  (See  fig.  41.)  The  creek  drains  a 
titly  rolling,  narrow,  intermorainic  plain,  extending  roughly 
rth-south  direction  and  terminated  on  the  south  by  Grand 
alley.  The  influence  of  the  deep 
liver  Valley  in  lowering  the  water 
the  higher  contiguous  areas  is  felt 
stance  up  each  of  the  streams, 
tre  to  be  expected,  therefore,  not 
mouths  of  short  tributary  streams 
Deer  Creek,  but  some  distance 
he  mouth  and  nearer  the  source 
tream,  the  precise  location  within 
ts  thus  defined  being  determined 
relief. 

ntire  catchment  basin  and  valley 
Creek  occupy  only  about  30  square 
The  moderate  depth  of  the  wells 
ir  steady  increase  of  head  toward  the  northeast  indicate  that 
surface  direction  of  artesian-water  movement  is  from  the 
lying  east  of  the  creek.  A  small  catchment  area  for  flows 
y  results  in  seasonal  fluctuations  in  the  strength  of  the  flow, 
bably  all  the  wells  in  this  area  have  such  fluctuation,  though 
ew  observers  have  noted  the  fact.  Mr.  Henry  Jackson  says 
i  well  flows  one-fourth  stronger  in  w  inter  than  in  summer, 
"  here  including  much  of  the  spring  and  autunin.  Mr.  Jack- 
lishes  the  following  record  of  material  penetrated : 

Record  of  Jackson  well,  CoopersvUh. 


R.M  W. 

Kd       Sec.  14 

—-^.13 

v--< 

-.<^JW)B 

^^^ 

Sec\3 

.L 

Sec.  24 

1 

1  ^^ 

Fig.  41.— Coopersville  flowing  wells. 
ViUago  is  inclosod  by  hrokon  liius 
flowing-wf'll  nreaa  are  shaded. 


■EiiE;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;! 

iteroatiiig  layers  oif  sand  containing  oonsiderabU^  iron  and  "  lignite  ".' 

ring  sand,  becoming  coarser  with  increasing  depth \ 

ring  gravel.  \ 


Thickness. 

Total. 

Feel. 

Feet. 

8  1 

8 

6 

14 

20 

34 

66 

100 

36  , 

136 

\ 
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This  water  rises  to  within  15  feet  of  the  surface.  The  deeper  sup- 
ply failed  at  the  end  of  six  months  and  the  well  was  dynamited  at 
100  feet;  the  pipe  was  broken  and  the  present  flow  resulted. 

Other  sections  are  as  follows: 

Rec4)rd  of  Heinz  pickle  factory  toefl,  CoopermnlU. 


'  Thickness.      TotaL 


I 
I        Feet.       I      FeH. 

Clay I  80  ,  81 

Quicksand,  water  hearing  and  l)ocoming  slightly  coarser  with  increasing  depth,  i  29  IQB 


Record  of  C.  P.  IMie  vyM,  CoopersviUe. 


Thickness.      TotaL 

I ' 


I  Feet.             Feet. 

Surface  sand !  8  '                S 

Clay  with  o<ra.sional  layers  of  sand,  some  of  which  are  water  bearing j  142  I             IM 

Fine  water-l Hearing  s.i nd .  l>e<'onilng  coarst^r  with  increasing  depth j  10  i             140 

Water-lK>aring  gravel.                                                                                                         I  | 


I 


The  cost  of  drilling  this  last  well  was  $1  per  foot. 

The  Osiah  Noble  well  penetrated  clay  112  feet  to  a  bed  of  water 
grav(*l,  but  ceased  to  flow  one  hour  after  the  village  well  (see  table) 
began  to  flow.  They  are  but  a  few  hundred  feet  apart.  The  flows 
in  a  niiml)er  of  wells  decreased  when  the  village  well  was  made,  in 
some  instances  causing  serious  inconvenience  to  the  owners,  as  in  the 
case  of  Alex.  Xoble  and  the  Heinz  Pickle  Company.  The  water 
from  the  village  wells  has  until  recently  been  allowed  to  run  to  waste. 
Then*  has  been  a  marked  decrease  in  flow  in  all  the  wells  of  the  area 
as  the  number  of  wells  has  increased,  and  it  will  be  necessary  to 
enforce  the  State  law  against  waste  of  artesian  water  if  this  district 
is  to  reeeiv(»  the  maximum  of  benefit  from  its  artesian  waters. 

The  two  flowing-well  areas  are  apparently  not  parts  of  the  same 
held  t)r  pool,  for  efforts  to  secure  flows  along  the  creek  or  the  higher 
ground  between  them  have  l)een  unsuccessful.  The  approximate 
limits  of  each  area  have  been  defined  by  borings. 

The  water  everywhere  is  chalyl)eate  and  hard,  leaving  an  incrusta- 
tion with  strong  iron  stain  on  the  pipes.  This  condition  tends  to 
corrode  the  screens  and  decrease  the  flow,  in  addition  to  the  cause 
of  decrease  noted  .above.  The  lack  of  screens  in  many  of  the  wells 
tends  toward  the  same  result.  Repeated  sand  pumping  and  the 
insertion  of  new  screens  have  been  temporary  remedies. 
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Wdls  at  CoaperwOU  {T.  8  N.,  R.  U  W'.). 


;t«?r 

Sec- 
tion. 

23 
13 
24 
13 
23 
2o 
23 
13 
*23 
23 
23 
24 

Owner. 

When 
made. 

Depth. 

Eleva- 
tion. 

Water 
rises 
to— 

Flow 
mmute. 

Gallons. 

3 

3 
.12 
.05 

1 

Temper- 
ature. 

V 

Village  of  CoopersviUe 

1903 
1904 

Feet. 

92 
182 
160 
100 
166 
335 
109 
203 
113 

94 

Feet. 
622 
658 
668 
668 
640 
642 
637 
644 
640 
638 
648 
658 

Feet. 
646 
690 
659 
683 
644 
645 
650 
644 
646 
641 
(i50 
650 

51.9 

1 

L.  Tony 

51.2 

S.  FyiMwever 

> 

11.  Jackson. 

C.  P.  LiUie 

Mr.  Parker 

1895 
1904 

J 

p 

Heinz  oickle  factory 

.06 

4 

Peck  Brothers 

.  O.  Noble 

Ak»x.  Noble 

1  Miss  Hamilton 

1809 
1898 
1892 

T 

4 

..1 

J 

(v 

L 

Henry  Lake 

1903 

204 



DRENTHE  AREA. 


The  first  three  flows  in  the  table  beh)w  have  liydrographic  rela- 
ons  somewhat  difTerent  from  those  of  the  rest  of  the  flows  in  this 
*ction,  and  are  therefore  discussetl  separately.  They  occur  on 
>renthe  Creek  at  the  border  between  the  moraine  and  the  till  plain, 
s-hich  extends  south  and  southwest  from  the  central  part  of  Zeeland 
Township  into  Fillmore  Township,  Allegan  County.  They  belong 
Do  that  class  of  flows  which  have  their  catchment  area  in  a  moraine, 
uid  are  made  possible  by  the  erosion,  in  this  case  slight,  wliich  the 
fltreanis  have  effected,  this  erosion  having  worn  dow^n  the  surface  to 

a  level  lower  than  that  to  which  artesian  water  will  rise.     East  of  the 

flows  the  moraine  offers,  by  its  gentle  slopes  and  in  places  sandy 

nature,  a  good  opportunity  for  the  imbibition  of  the  rain  water  that 

supplies  the  wells. 
Ter  Haar  reports  clay  in  his  well  for  the  first  85  feet  followed  by 

water-bearing  gravel.     The  following  section  for  C.  Verhulst's  well 

is  similar: 

Record  of  C.  Verhulst  well,  Drenthr. 

ThickiK'HH.      Total. 

Ffct.       I  Ffft. 

Caay 90  90 

Hardpan i 2  92 

Soft  rtay  or  quicksand 5  97 

Water-bearing  gravel 11  lOK 


All  other  wells  in  this  vicinity  are  from  90  to  100  feet  deep,  but 
being  on  slightly  higher  ground,  do  not  flow.  In  many  cases  the 
water-bearing  material,  which  is  often  a  fine  sand,  can  not  be  screened 
well  enough  to  allow  pumping  directly  from  the  pipe.  The  owners 
have  adjusted  their  methods  to  meet  this  condition  and  built  reser- 
voirs 10  to  15  feet  deep,  into  the  bottoms  of  which  pipes  are  driven 
down  to  the  water  bed.     The  bottoms  of  the  reservoirs  are  below  the 
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head  of  the  water,  which  thus  flows  into  the  reservoir.     This  arrange 
ment  gives  a  greater  supply  of  water  in  case  of  fire  than  would  otte»-  - 
wise  be  possible. 

The  flow  in  all  the  wells  has  decreased,  a  condition  attributed  bj 
the  owners  to  the  clogging  of  the  pipes  and  the  rusting  of  the  screeu. 
The  water  is  hard  and  contains  a  great  deal  of  iron. 

Relations  of  flows  and  relief  similar  to  those  at  Drenthe  may  be 
found  along  the  other  streams  south  of  Drenthe  at  points  where  a 
line  drawn  from  Drenthe  to  Overisel  intersects  the  drainage  lines. 


Wells  near  Drenthe  (T.  5  N.,  R.  U  W.). 


Letter 


Sec- 


«>-««•,   tTon 


Owner. 


A 
B 
C 


Drenthe  Canning  Co 

TerHaar 

C.  Verhulst 


When    rw.^^1,  I  Eleva- 
made.  \^P^\  tion. 


Water 
riaea 
to- 


Flow  per  i  Tewpeh 
minate.      atmc 


I  Feet. 

1889    I  100  I 

1880  03  ! 

1807  108 


Fed.       Feei.   !  OaUon*. 


6tt 


644  i 


632 


^1 


F. 
5LI 


5LI 


BEAR    CREEK    AREA. 

One  mile  south  of  Forest  Grove,  in  southeastern  Ottawa  County, 
is  another  group  of  flows  in  the  valley  of  the  northernmost  tributary 
of  Bear  Creek.  Their  occurrence  within  the  moraine  noted  above 
and  not  on  plains  at  the  border  of  moraines  is  unique.     They  are 

.  14 w.  T.5  Nm  R.I3W. 


Fio.  42.— Map  of  Bear  Creek  and  Drenthe  flowing-well  diatiiots. 

found  in  a  basin  shaped  by  the  ice,  whose  slopes  are  sufficiently  long 
and  steep  to  favor  the  development  of  artesian  flows.  The  sections 
are  not  unlike  those  at  Drenthe,  given  above,  and  the  water  is 
strongly  chalybeate. 

Record  of  Edward  Kropschot  iM^  Bear  Creek  Valley. 


TUokneM.!    TotaL 


Clay 

Hardpan 

Sand,  too  fine  to  permit  flow 
Oravel 


FeeL 
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269 


ThlckDeat.     Total. 


■bearing  sand. 


Feet,  Feet. 

35  36 

2  !  37 


rface  water  in  pockets  of  sand  in  the  clay  supplies  wells  where 
i  can  not  be  obtained.     The  extent  of  this  fiowing-well  area  has 
teen  determined  because  of  the  small  number  of  borings.     How- 
it  is  unlikely  that  it  will  be  extended  much  farther. 

WeOe  near  Bear  Creek  (T.  5  N.,  B.  IS  W.). 


Sec- 
tion. 


29 
32 
32 
32 
33 
33 
27 


Owner. 


Ed.  Kropachot. 

H.  Strick 

B.  Schreur 

Tbos.  Palmbiu. 

A.  Karsten 

G«oimNa8h 

K.  Closter 


I 


When  '  j^^^y^  I  Eleva-  ,  ^J^^J '  Flow  per  Temper 

made.     ^^P'''*-  I    tlon.         "*'        mlnnti*     :     atiifw 


rises 
to— 


Flow  per  Temper 
minute.  :    ature. 


1901 


Feet.      Feet.      Feet.     GaUom. 


1902 
1904 
1903 


1903 


73, 

15 
28 

37  I 
27  I 

38  , 


648 
058 
646 
635 
650 
655 
653 


660 
660 
660 
637 
652 
660 
661 


Wmt. 

•#■. 

a2 

52.2 

.5 

12.5 

52 

.12 

53 

.25 

51.1 

.16 

52.5 

2.5 

52 

UARRISBURO    AREA. 

e  flows  at  Harrisburg  occur  in  an  area  of  1  or  2  square  miles 
it  along  the  southern  and  eastern  side  of  the  main  branch  of 
ceiy  Creek  (fig.  43).  They  are  obtained  only  on  this  side  of  the 
;,  and  show  increase  of  head  toward  the  east  in  the  direction  of 


R.  13  W. 


,. — Location  of  flowing  wells  at  Tlarrlsburg,  Ottawa  County.    Area  of  probable  flows  is  shaded. 

noraine,  which  bounds  them  on  that  side.  They  occur  on  a  flat 
ey  plain,  through  which  Crockery  Creek  flows  rather  sluggishly. 
water  of  the  whole  area  is  strongly  chalybeate.  The  material 
•iintered  here  is  shown  by  the  record  furnished  by  Mr.  Gilbert. 
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Record  of  Gilbert  toeUj  Harrishvarg. 


Thickness.  <    Total. 


Clay,  no  stones,  occastonal  pockets  of  water-bearing  sand,  which  supply  dug 
wolla  of  the  area 

Coarse  waUM-I)cari ng  gravel.  Flow  begins  directlv  beneath  clay,  but  being 
at  first  from  soraewliat  finer  material  increases  with  depth 

I*cat. 


Feet. 


Fed. 


r 


n 


The  flowing  well  on  the  Sherk  estate  is  described  as  having  a 
peculiar  origin.  A  dug  well  furnished  water  for  the  farm  until  about 
seven  years  ago,  when  a  break  occurred  in  the  clay  bottom  and  Um 
present  flow  began.  The  same  conditions  are  reported  in  a  few  other 
places  in  the  State. 

The  area  has  been  tested  well  enough  for  the  determination  of  the 
limits  of  flow,  but  many  more  flows  could  be  obtained  within  those 
limits.  The  water  is  used  for  general  farm  purposes,  and  much  of  it 
allowed  to  run  to  waste. 

Welh  at  Harrishurg  {T .  9  N.,  R.  13  W.).     . 


Letter 

on  fig. 

43. 


S<x-- 
tion. 


f)     A.  Bodell 

8     W.  II.  Harrison 

7  I  Wm.  De  Valve. 

8  ;  Jos.  Gin)ert 

4  1  Sherk  estate 


When 

Depth. 

Eleva- 

made. 

tion. 

Feet. 

Feet. 

1897 

72 

005 

1894 

90 

707 

1897 

60 

656 

1884 

42 

702 

1884 

22 

718 

^tH^'riowpei* 
^      rainuS. 


I 


Feet. 
700 
711 
661 
714 
720 


OalUms. 
1.5 
1.5 
2 
6 
4 


Tempw- 
ature. 


sat 

50.1 
51.t 


WATERWORKS. 


GRAND    HAVEN. 


Two  separate  water  plants  supply  Grand  Haven  with  water,  on< 
being  owned  and  operated  by  the  city  and  the  other  by  a  private 
company.  The  latter,  called  the  Grand  Haven  Water  Company,  \i 
the  outgrowth  of  an  earlier  organization,  which  was  established  ii 
1884  as  an  independent  company.  The  Grand  Haven  Water  Com- 
pany pumping  station  is  in  the  eastern  part  of  the  city;  the  munio^ 
ipal  plant  is  in  the  western  part ;  both  are  on  the  b^nks  of  Granc 
Kiver. 

The  city  also  has  sunk  a  deep  boring  for  the  purpose  of  obtaining 
artesian  water.  The  following  record  of  the  strata  found  was  fur 
nished  by  Ur.  A.  C.  Lane: 
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a  vel 

clay 

mixed  with  gravel  and  sand 

e  clav 

low  clay  mixed  with  gravel  and  sand 

e  clay . '. 

1st  one 

aje  with  occasional  very  thin  layers  of  limestone. . . 

estone 

lie  with  thin  limestone  layers 

lie  with  thin  lim^^tone  layers 

le  limestone 

I  limestone,  water  very  salty 

ly  sandstone 

1  limestone  mixed,  water  very  salty  and  increasing, 
ted 


Thickness. 

Total. 

FeeL 

Feet. 

25 

25 

15 

40 

6 

46 

24 

70 

ft5 

165 

16 

181 

16 

197 

6 

203 

6 

208 

278 

486 

1 

487 

35 

622 

24 

546 

8 

652 

6 

658 

8 

566 

22 

588 

12 

600 

72  driven  wells  of  the  Grand  Haven  Water  Company  are  5 
1  in  diameter  and  about  28  feet  deep.  There  are  also  two  open 
12  feet  in  diameter  and  28  feet  deep.  The  normal  level  of 
is  12  feet  below  the  surface  and  the  pumped  level  15  feet  below, 
levation  of  the  surface  above  the  river  is  24  feet,  or  605  feet 

sea  level,  and  the  distance  from  the  river  is  500  feet.  The 
-pressure  system  of  pumping  is  used.  The  mains  have  diam- 
)f  12  to  6  inches  and  a  total  length  of  8i  miles.  About  375,000 
s  are  supplied  daily,  the  capacity  of  the  pumps  being  1 ,500,000 
s.  The  material  penetrated  in  putting  down  the  wells  is  as 
s,  the  supply  being  from  the  gravel  above  the  clay: 

Record  of  Water  Company  weU^j  Grand  Haven. 


r  sand  becoming  coarser  with  increasing  depth. 

earing  gra  vol 

f,  no  stones. 


Thickness. 


Total. 


Feet. 


24  ' 

4 ; 


Feet. 


24 

28 


?  city  pumping  station  is  in  part  supplied  with  water  from  one 
?d  dug  well  24  feet  deep  and  30  feet  in  diameter,  in  which  the 
stands  about  12  feet  below  the  surface.  Its  natural  level  is 
11  to  15  inches  above  the  river,  which  is  about  75  feet  away, 
naterial  is  fine  dune  sand  at  the  surface,  changing  rapidly  to 
B  sand  and  then  to  fine  gravel.  Three  feet  below  the  bottom 
?  well,  or  27  feet  below  the  surface,  is  a  very  obstinate  layer  of 
)an,  which  appears  in  tlie  bed  of  Grand  River  and  renders 
ig  or  spile  driving  diflicult.  The  spiles  used  have  to  be  tipped 
steel,  as  those  solely  of  wood  are  splintered  when  driven  down 
e  hardpan.  The  water  comes  into  the  dug  well  from  the  land 
and  not  from  the  river  side, 
m  182-06 18 
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The  other  wells  are  tubular — 45  are  4-inch  and  8  are  S-inch.    The  j 
water  level  and  the  material  are  the  same  as  in  the  dug  well. 

The  wells  are  all  arranged  parallel  with  thie  river  bank  and  extend  j 
over  a  distance  of  250  to  300  yards.  The  direct-pressure  system  ii  j 
in  use.  On  an  average  for  the  year  750,000  gallons  are  pumped  • 
daily,  the  capacity  of  the  pumps  being  1,500,000  gallons.  The  ele-  j 
vation  of  the  wells  is  about  10  feet  above  the  level  of  Lake  Michigan, ' 
or  591  feet  above  tide.  The  mains  are  12,  10,  8,  6,  and  4  inches  in 
diameter. 

The  two  following  analyses  show  the  character  of  the  water  sup-     < 
plied  from  the  city  pumping  station :  i 

_  "5 

Analysis  of  uxtier  from  Orand  Haven  toaterworis.  7$ 

ParUpn-mQIkai     -^^ 

Totalsolids 148  ' 

Volatile  solids 40 

Fixed  solids 108 

Nitrt)gcn  as  free  ammonia Nane. 

Nitrogen  as  albuminoid  ammonia (M      " 

Nitrogen  as  nitrites Nooa.  --3 

Nitrogen  as  nitrates 3.2D  "-"= 

Chlorine  in  chlorides 17 

Turbidity,  none.  Sediment,  slight.  Color,  faint  opalescent.  Odor,  none.  A  para 
and  wholesome  water,  free  from  all  objectionable  elements  and  suspicious  bacteria.  J.N. 
Iiurty,  Indianapolis,  analyst,  November  19,  1898. 

Doctor  Hurty  says  further: 

The  water  (contains  iron,  and  in  the  warm  sununcr  months  certain  minute  vegetable 
growths  which  an^  perfectly  harmlc>ss  get  started  in  the  water.  They  flourish  in  the 
bends  and  dead  ends  or  other  quiet  places  in  the  pipes,  and  when  considerable  in  amount 
break  locxse  and  art^  drawn  out  in  the  faucets.  These  plants  have  a  great  liking  for  ireO 
and  have  the  power  to  extract  it  from  water.  Tliey  are  so  very  small  that  in  the  aggre^ 
gate  they  apix'ar  like  slime,  and  when  mixed  with  iron  the  mass  is  not  inviting.  Hie 
musty  odor  is  imparted  by  the  plants  just  as  an  onion  odor  would  bo  imparted  by  onions 
or  a  turnip  odor  by  tumii)s.  Tlie  name  of  the  plant  in  your  sample  is  Crenothrix  Kuhniana. 
It  is  as  harmless  as  tuniip,  but  is  objectionable  on  accoimt  of  the  musty  odor  which  it 
imparts  and  which  is  characteristic  of  the  plant.  The  plant  might  be  gotten  rid' of  by 
aeration  and  iilt ration.  Aeration  would  pmbably  pnn'ipitate  the  iron,  and  if  it  did  filtra- 
tion through  sand  would  remove  the*  iron  so  precipitated.  Whether  aeration  would 
precipitate  the  iron  or  not,  would  have  to  be  determined  by  experiment. 

Analyy'is  of  vxiier  from  Grand  IIai:tn  xnttenvorJcs.o 

Parts  per  million. 

Totalsolids , 150 

Volatile  at  n»d  heat  (organic) 48.  57 

Mineral  residue  after  ignition 101. 43 

Calcium  (Ca) 32. 03 

Sodium  (Na) ..  4.61 

Magnesium  (Mg) 2. 79 

a  ExprPSM'd  !)>•  anjilytit  in  grains  wr  gallon  and  hypothetical  combinations;  recomputed  to  ionio 
form  and  parts  per  nilUIon  at  United  States  Geological  Survey. 
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Parts  i)er  million. 

!»rbonate  radicle  (CX),) 54.89 

Morinc  (a) 7.10 

Ijninoma  (free) 05 

Ubumiiioid  ammonia 03 

Cobrkas,  tasteless,  odoriess.  Bacteriological  tests  show  absence  of  disease  germs. 
^inlitY  excellent  for  potable  use.  R.  C.  Kedzie,  of  the  Michigan  Agricultural  College, 
analyst,  October  8.  1898. 

COOPERSVILLE. 

The  village  pumping  station  is  a  few  feet  above  the  flood  plain 
of  Deer  Creek,  15  or  20  feet  below  the  even  till  plain  on  which  the 
village  stands  and  in  which  the  creek  is  incised.  The  present  sys- 
tem, including  the  wells,  pumps,  reservoir,  and  2.6  miles  of  mains, 
was  installed  in  1903,  at  a  cost  of  $14,000.  The  pumps  have  12  feet 
of  suction  and  a  capacity  of  30,000  gallons. 

Up  to  the  autunm  of  1904  creek  water  was  pumped  through  the 
mains,  giving  fire  protection  to  the  whole  village,  besides  furnishing 
55  families  with  water  for  washing  and  toilet  purposes ;   but  in  the 
spring  of  1904  two  90-foot  artesian  wells  were  installed,  yielding  a 
flowing  pressure  of  40  pounds  to  the  square  inch  at  the  surface,  and 
their  water  was  substituted  for  that  of  the  creek.     A  cement  brick 
reservoir,  20  feet  in  diameter  and  20  feet  deep,  with  the  top  at  the 
level  of  the  well  head,  is  being  built.     Into  this  the  water  is  to 
flow,  and  is  then  to  be  pumped  into  the  stand  tower  to  run  by 
gravity   into    the   mains.     The    substitution    of   potable   for   creek 
water  is  expected  to  increase  the  number  of  consuming  families  to 
about  150.     Superintendent  Horling  gives  the  following  careful  rec- 
ord of  material  penetrated.     Other  data  may  be  found  in  the  table 
of  wells. 

Record  of  rillcuje  well  at  Coopt-nn^Ue. 


Clay  And  peat 

Mieaorous  quicksand 

Blw  clay I 

Quicksand 

CongJoraerato  ("hardpan") I 

C^rse.  water-l)oaring  sand ' 

Blw  clay  with  occasional  layors  of  sand 

Fine  vateMioaring  sand,  bearing  a  high  pore  'ntagr'  of  nmsoovit^'-niica  scales. . . 


Thickness. 

Total. 

F((t. 

Ffft. 

10 

10 

2 

12 

10 

22 

2 

24 

4 

28 

G 

34 

50 

84 

12 

92 

HOLLAND. 

The  city  of  Holland,  with  a  population  in  1900  of  7,790,  is  focated 
in  the  southwest  comer  of  Ottawa  County  at  the  head  of  Black 
Lake,  5  miles  from  the  shore  of  T^ake  Michitjar..  The  sandy  plain 
on  which  it  is  built  is  terminated  on  the  oast  and  south  by  a  moraine, 
ind  on  the  west  is  surmounted  l)y  several  long  lines  of  sand  dunes 
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actively  growing  near  the  lake  shore,  but  inactive  farther  inland 
Penetrating  to  the  border  of  the  rich  and  extensive  fanning  regioi 
which  centers  in  Holland,  the  long  and  narrow  Black  Lake  is  navi 
gable  for  all  lake  craft  and  gives  Holland  commercial  advantages 
surpassed  by  but  few  lake  ports. 

The  public  water  supply  is  derived  from  wells  at  two  different 
stations,  one  on  Nineteenth  street,  the  other  on  Fifth  street.  The 
water  is  raised  by  electrically  driven  triplex  pumps,  motive  power 
being  supplied  by  an  electric-light  plant  owned  and  operated  by  the 
city.  This  plant  is  located  on  Fifth  street  not  far  from  the  head 
of  Black  Lake.  Near  it  aire  4  open  dug  wells  25  feet  deep  and  hav- 
ing about  20  feet  of  water.  At  the  Nineteenth  street  pumping  sta- 
tion are  6  tubular  wells  25  feet  deep,  siphoning  into  an  open  brick 
and  cement  well  40  feet  in  diameter  and  29  feet  deep,  to  which  they 
are  located  radially.  Three  of  the  wells  are  5  inches  and  three  are 
4i  inches  in  diameter.  The  siphon  lines  are  8  inches  in  diameter 
and  are  started  by  suction  from  the  pumps.  During  the  year  end- 
ing March  21,  1904,  the  total  amount  pumped  from  the  main  statioa 
on  Fifth  street  was  98,500,000  gallons,  and  from  the  Nineteenth 
street  station  over  104,500,000,  makmg  a  total  of  over  203,000,000 
gallons.  The  average  amount  pumped  daily  was  557,000  gallons, 
which  is  nearly  70  gallons  daily  per  capita.  The  total  number  of 
taps  installed  is  1,095,  of  which  1,032  are  in  active  service.  Of  the 
water  meters  in  service  818  are  f-inch,  16  are  J-inch,  9  are  1-inch, 
4  are  4\-inch,  4  are  3-inch,  2  are  2-inch,  and  1  is  4-inch,  making  a 
total  of  854.  There  are  108,809  feet,  or  about  21  miles,  of  water 
mains,  ranging  from  14-inch  down  to  2-inch,  about  half  being 
0-iiich.  The  standpipc  is  18  feet  in  diameter  and  130  feet  high 
and  has  a  capacity  of  247,000  gallons.  The  total  cost  of  operatini 
during  lOO.S,  including  salaries  of  employees,  fuel,  repairs,  anc 
sundries,  was  S7,7S().  The  total  cost  to  date  is  $134,000  and  tb 
estiniated  present  value  is  $118,000. 

The  yearly  increase  hi  the  consumption  of  water  is  large,  and  the! 
has  been  apprehension  lest  in  the  dry  summer  months,  when  tt 
head  of  water  falls  off  7  or  8  feet,  there  might  be  a  serious  shortag 
in  the  supply. 

In  the  attem])t  to  secure  deeper  sources  a  tubular  well  was  suu 
to  a  depth  of  111  feet  in  1903  at  the  Nineteenth  street  pumpin 
station,  and  water  found  which  rose  5  feet  above  the  surface.  Th 
suj)erinten(lont,  ilr.  James  De  Young,  estimated  that  with  a  20-foC 
screen  50, ()()()  gallons  could  be  drawn  from  this  well  daily.  Unfol 
Innately,  the  water  is  strongly  saline  and  unsuitable  for  publi 
suj)pl3'*.  ^ 
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Tlie  following  record  of  material  penetrajted  is  supplied  by  Mr. 

e  Young: 

Record  of  flawing  weU  at  vxUerworkSj  UoCland. 


Thickness.      Total. 


iedium  lieach  sand 

Blue  clay  without  stones,  but  gravelly  for  the  first  3  ft«t . 

Stony  ciky  t : 

Very  sharp  gravel,  water  bearing,  mixed  with  silt. 


I 


Feet. 
29 
fiO 
22 


Feet. 
29 


111 


In  the  southern  part  of  the  city  is  the  flowing  well  of  Benjamin 
Walter,  over  100  feet  deep,  on  ground  slightly  higher  than  Nine- 
teenth street,  and  also  yielding  saline  waters.  The  flow  from  this 
well  is  one-eighth  gallon  a  minute,  the  temperature  53°  F.,  and  the 
head  8  or  9  feet.  It  was  drilled  by  Edward  Riemink  in  1896,  the 
same  succession  of  material  being  encountered  as  in  the  Nineteenth 
street  well. 

It  appears,  in  view  of  the  foregoing,  that  unless  a  suitable  supply 
of  water  is  found  at  greater  depths  than  these  saline  flowing  wells, 
or  is  obtained  from  remote  sources,  the  shallow-well  system  will 
have  to  be  extended.  Southeast  of  Nineteenth  street  station  is  an 
open  tract  of  land  available  to  the  city.  If  this  is  purchased  and 
kept  clear  of  dwellings,  it  may  yield  a  pure  supply  sufficient  for 
some  years.  Eventually  the  city  may  find  it  necessary  to  draw  its 
supply  from  Lake  Michigan,  which,  fortunately,  is  near  enough  to 
be  reached  without  great  expense. 

The  following  partial  analysis  of  the  public  water  supply  at  Hol- 
land has  been  furnished  by  M.  O.  Leighton,  of  the  Ignited  States 
Geological  Survey.  The  supply  is  from  about  ten  wells  sunk  to  an 
average  depth  of  30  feet. 

Partial  analyms  of  veil  ivaUr  at  IloHamh 

Parts  per  million. 

Color 19 

Iron  (Fc) Trace. 

Chlorine  (CI) 1./) 

Carbon  dioxide  (COj) .'xS.  04 

Sulphur  trioxide  (SO3) 25 

Hardness  (as  CaCOg) 139-i 

S.  J.  Lewis,  analyst.     Depth,  30  feet. 

ZEELANI). 

The  village  of  Zeeland  is  in  southeastern  Ottawa  County,  about 
12  miles  from  the  shore  of  Lake  Micliigan.  The  Zeeland  Light  and 
Water  Company's  present  system  was  established  in  1902  at  a  cost 
of  $20,000,  not  including  the  cost   of  the  mains.     About  225,000 

A 
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gallons  of  water  a  day  are  supplied  to  about  100  families  besides  six  | 
different  factories  and  mills. 

The  water  is  obtained  from  two  brick-curb  wells  20  fe^t  deep  and  j 
14  feet  in  diameter,  which  were  dug  in  1890.     The  level  of  the  water  j 
is  8  feet  below  the  surface,  and  is  not  affected  by  pumping  2,000 
gallons  a  minute.     The  capacity  of  the  two  compound  duplex  pumpB  j 
in  use  is  1,500,000  gallons  a  day.     The  direct-pressure  system  is  used. 

There  are  3^  miles  of  mains  with  a  diameter  of  6  inches^  but  thesB 
will  soon  be  replaced  by  8-inch  mains,  being  inadequate  to  supply 
the  growing  demand  for  water.  There  is  at  present  no  map  of  the 
mains. 

The  wells  are  located  off  the  main  street  in  Zeeland.  Near  them 
are  tlie  cesspools  and  privies  common  to  smaller  villager.  The 
supply  of  water  is  wholly  from  the  surface  and  would  seem  to  be 
particularly  liable  to  contamination,  though  the  surface  is  quite  flit 
and  subsurface  drainage  is  slow.  The  present  system  has  been  in 
use  only  two  years,  and  the  increased  pumping  seems  likely  to  drain 
a  larger  and  larger  area  around  the  wells,  and  so  increase  the  dangff 
of  pollution.  No  chemical  or  hygienic  analysis  of  the  water  has  been 
made,  so  far  as  known.  The  water  should  be  subjected  to  frequent. 
analysis,  and  deeper  sources  of  supply  should  be  sought  and  substi- 
tuted. 

MISCELLANEOUS  ANALYSES  OF  WELL  WATERS. 
Bv  Isaiah  Bowman. 


Analysea  of  laiter  from  welh  in  ClintoJi,  Ottawa,  Ionia,  Montcalmj  and  Newaygo  counties. 

[Parts  i)or  milllon.l 


I  Si-o-     Qinir- 
tion.       tor. 


Town  or  district. 


Wfll. 


Oviiier. 


7 

o 

12 

SE. 

«  ' 

2  . 

'27 

sw. 

S  ' 

A 

3 

\\V 

t  , 

3 

3 

NE. 

S  I 

14  ' 

24 

N\V 

9 

13 

7 

NW 

5  ! 

14 ; 

27 

SE. 

11  1 

11    ! 

31 

SE. 

^>! 

H  ! 

3 

SW 

ol 

8 

0 

SE. 

8  1 

«  1 

11 

NW 

12 

10 

2ti 

SE. 

12 

0>  , 

21 

SW. 

;  Ovi.l '  Public... 

fiun'lctt  (iistrlct Flowing  . 

Essex  township do . . . 

St.  Johns  district ; do... 

Cooper rsvillo  district do . . . 

Harrisbnrp  district do... 

Drr-nthc  district do . . . 


Municipul 

W.C.  ftaylis  ... 

Z.  Wyman 

Ci.  Fcightiing... 
a.  T\niowovor. . . 
W.  Di'Valvi*.... 
I)n»nth«^     Can-  I 


ning  Co.           , 

En.slcy  district 

do.. 

.'  School   district 
No.  9. 

;  Clnrkvillc  district  ... 

do... 

.;  l'arsoiiagi» 

.  CJnvnvillc 

do.. 

.    Municipal 

'  Bolding 

do.. 

.    H.  U'onurd 

'  Howard  City 

do.. 

.   Municipal 

i  Edmorr 

do.. 

.; do 

Hard- 


130.9 
1517 
178.5 
22ri.l 
107.1 
83.8 
178.5 

77.35 

95.2 
71.4 
107.1 
142.8 
47.6 


Ohio-  I  AlkA- 
rtne.    I  Unity. 


2.500  I 
.816  I 
.170  I 
.067  ! 
.600  I 
.301  I 
.300  I 


.348  I 
.335  ' 
.167  ! 
.380  I 
.300  I 


150 


125 
66 
SO 
53.5 

120 

77 
127.5 

no 

105 
150 


Isaiah  Bowman,  analyst. 
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V^ATER  SUPPLIES  OF  KENT  COUNTY. 
By  John  F.  Nellist. 
DRAINAGE  AND  WATER  POWER. 

The  surface  water  supply  of  Kent  County  embraces  four  rivers  and 
their  small  affluents,  numerous  springs,  and  an  extensive  artesian 
district  which  gets  its  supply  from  the  Marshall  sandstone.  Strong 
'weUs  are  obtained  in  drift,  some  of  those  in  the  valleys  being  artesian. 

Grand  River,  the  main  stream  of  the  county,  enters  the  county  on 

the  east  side  and  flows  for  37  miles  across  it,  making  a  long  bend  to 

the  north  and  returning  to  the  west  side  on  its  way  to  the  lake.     This 

liver  has  within  the  county  a  fall  of  less  than  a  foot  to  the  mile  except 

at  the  rapids  in  the  city  of  Grand  Rapids,  where  it  falls  about  17 

feet  over  limestone  ledges  in  less  than  one-half  mile.     A  dam  was 

placed  at  the  head  of  the  rapids  about  1836,  and  canals  dug  on  both 

sides  of  the  river  to  supply  mills.     A  town,  which  grew  up  around 

•these  mills,  has  developed  into  the  flourishing  city  of  Grand  Rapids 

with  100,000  inhabitants  and  a  world-famous  furniture  industry, 

the  result  of  its  water  power  and  timber  resources.     The  river  has  a 

valley  about  150  feet  deep  cut  by  a  stream  flowing  from  the  receding 

ice  sheet.     The  width  is  over  a  mile,  and  the  valley  is  marked  by 

terraces  and  islands. 

The  minimum  flow  in  the  last  three  years,  since  the  gage  station 
was  established  at  Grand  Rapids,  was  1 ,885  second-feet ;  the  maxi- 
mum flow  during  the  extreme  flood  of  March  24-30,  1904,  was  39,400 
second-feet.  This  flood  was  19.30  feet  above  low-water  mark,  the 
danger  line  being  at  10.73  feet,  as  determined  by  Fred  Schneider, 
section  director  of  United  States  Weather  Bureau. 

The  tributaries  of  Grand  River  in  Kent  County  are  Flat,  Thorn- 
apple,  and  Rouge  rivers.  Flat  River,  emptying  into  it  from  the 
north  at  Lowell,  is  a  stream  of  remarkable  steadiness  of  flow  due  to 
its  many  lake  tributaries  and  porous  soil.  It  has  a  drainage  area  of 
610  square  miles  and  a  minimum  flow  of  215  second-feet,  as  measured 
by  R.  J.  M.  Danley  in  September,  1899,  and  by  the  writer  in  Septem- 
ber, 1904.  Its  rapid  fall  of  some  8  feet  to  the  mile  has  been  exten- 
sively used  for  power,  four  plants  being  located  in  Kent  County. 
The  Lowell  dam  is  used  for  local  mills.  The  two  plants  of  the  Grand 
Rapids  Edison  Company  of  300  and  1 ,000  horsepower,  respectively, 
transmit  power  to  Grand  Rapids  by  high-power  electric  transmission. 
Still  farther  up  the  valley  is  the  old  Fallasburg  dam  not  now  in  use. 

Thornapple  River  has  a  drainage  of  824  square  miles  and  a  mini- 
mum flow  of  155  second-feet,  as  measured  by  L.  W.  Anderson  in 
September,  1899.  The  small  minimum  flow  per  square  mile  (less 
than  half  that  of  Flat  River)  is  due  to  the  rapid  run-off  in  the  wet 
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season,  there  being  few  lake  basins  to  act  as  reservoirs  and  miukj 
impervious  clay  soil.  It  has  several  power  plants,  one  owned  bj 
Wesley  N.  Hyde,  of  Grand  Rapids,  being  located  at  Labarge,  and 
supplying  electric  power  to  neighboring  villages;  another  at  Alaska k 
used  to  run  a  sawmill;  another,  purchased  by  Grand  Rapids  parties, 
is  at  Cascade,  where  they  propose  to  build  a  20-foot  dam;  and  anothec 
at  Ada  is  used  to  drive  a  gristmill.  The  average  fall  is  about  4  feet 
to  the  mile. 

River  Rouge  has  a  drainage  area  of  230  square  miles  and  a  mini' 
mum  flow  of  110  second-feet,  as  measured  by  Otto  Krause,  Septent 
bcr,  1902  and  1904.  Two  power  plants  are  located  on  this  stream 
one  at  Rockford  supplying  current  for  lighting  the  village,  pimipiof 
its  water,  and  running  a  shoe  factory  and  another  at  Childsdale  usee 
to  run  a  paper  mill.  The  fall  of  this  river  is  only  a  few  inches  to  thi 
mile  except  in  the  last  6  miles  of  its  course.  It  has  the  largest  flo? 
in  proportion  to  its  drainage  basin  of  any  river  in  Kent  County. 

WATERWORKS. 

GRAND   RAPIDS. 

The  chief  water  supply  of  Grand  Rapids  for  domestic  and  varioui 
other  puq)oses  is  obtained  from  Grand  River.  It  is  pumped  to  t 
low-service  reservoir  one-half  mile  east  of  the  river  on  a  bluff  177  feel 
above  city  datum  and  to  a  high-service  standpipe  located  at  the  same 
place  at  an  elevation  of  250  feet.  A  new  standpipe  of  concrete 
is  being  erected  in  the  southern  part  of  the  city  at  an  elevation  oi 
206  feet  to  supply  that  district.  The  city  had,  in  1904,  a  daily  con- 
suinj)ti()n  of  14,000,000  gallons.  The  pumps  consist  of  one  Holly  oi 
10,000, ()()()  gallons  capacity  for  the  low  service  and  a  Norburg  engine 
of  15,000,000  gallons  capacity  for  the  high  service.  Two  old  Butter 
worth  and  Lowe  engines  are  kept  in  reserve,  but  are  not  in  regular  use 
There  are  152  miles  of  niaiiLs  in  use,  as  follows: 

Water  mairifi  at  Grand  Rapids. 

I  Dianu'lor     I^-n^rth  in      Diamotcr     I/»npth  in 
1  in  inches.         imh's.      .'  in  inches.  .      inilos. 
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24 
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10    ' 
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20 

1.853    1, 

8  ; 
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18 

.749     1 

(\  ' 
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10 
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4    1 

40.5.% 

14 

.2:«)  :, 

The  total  cost  of  the  water  works  up  to  April  30,  1904,  was  Sl,50£ 
521.     The  income  for  the  year  1904  wa.s  $127,897. 

A  small  supply  of  water  has  been  furnished  to  the  northeastei 
part  of  Grand  Rapids  by  a  private  concern  known  as  the  Hydraul 
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jDmpany,  which  must  soon  go  out  of  business,  as  its  charter  was 
spealed  by  the  State  legislature  in  1905.  This  company  has  a  few 
idles  of  pipe  and  a  pumping  station  one-half  mile  north  of  the  city 
imits,  which  draws  from  a  well  on  the  bank  of  the  river. 

On  account  of  the  large  number  of  cases  of  typhoid  fever  in  the  city 
tch  year,  there  has  arisen  a  prejudice  against  the  present  supply 
rom  Grand  River.  Several  new  sources  have  been  suggested,  among 
rhich  three  are  prominent:  Bailey  Springs,  supplemented  by  filter 
eds  for  Grand  River;  Flat  River,  and  Lake  Michigan. 

Bailey  Springs  is  situated  3  miles  north  of  the  city  and  has  a  ground- 
rater  drainage  area  of  some  14  square  miles,  nearly  all  the  water  of 
rhich  can  be  intercepted  by  a  conduit  4,000  feet  long  laid  along  the 
ast  bank  of  the  river  below  the  level  of  the  river  bed.  It  is  esti- 
lated  that  a  supply  of  from  7,000,000  to  10,000,000  gallons  a  day 
an  be  thus  collected.  With  sand  filters  at  Grand  River  for  the 
dditional  supply  a  sufficient  amount  of  pure  water  could  be  obtained. 
Tie  cost  of  establishing  this  system  is  estimated  at  $700,000. 

A  gravity  system  from  Flat  River  can  be  obtained  by  going  35 
miles  northeast  of  the  city,  where  the  water  is  330  feet  above  city 
latum.  The  plans  embrace  building  a  concrete  conduit  of  12  miles 
Torn  the  source  to  Silver  and  Bostwick  lakes,  which  are  265  feet  above 
city  datum  and  which  have  storage  capacity  for  one  hundred  days 
consumption,  or  2,500,000,000  gallons.  From  these  storage  reservoirs 
to  Grand  Rapids  steel  pipe  could  be  used  and  connected  to  the  present 
system  at  a  net  head  10  feet  above  the  present  system. 

A  plan  to  draw  from  Lake  Michigan  has  been  proposed  by  A.  C. 
Sekell,  of  Grand  Rapids.  It  calls  for  (1)  a  pipe  line  27  miles  long, 
leading  directly  west  from  the  city;  (2)  a' storage  reservoir  about  1 
mile  from  the  city  limits  on  the  west  bluff  of  Grand  River;  (3)  a 
4-foot  steel-riveted  pipe  laid  to  the  pumping  station  on  the  shore 
of  the  lake  where  collecting  mains  would  be  distributed  parallel 
with  the  lake  shore  and  wells  sunk  in  batteries  below  the  level  of 
the  lake  bottom,  so  that  the  ground  water  would  be  intercepted. 
This  system,  with  gas  producers  and  gas-engine  pumping  units, 
could  be  built  for  $1 ,100,000,  and  would  have  a  capacity  of  35,000,000 
gallons  a  day. 

Enorineers  Ilazen  and  Gray  were  employed  in  1899  to  make  a 
report  on  additional  water  supply  for  the  city,  and,  after  a  thorough 
survey  of  all  the  sources,  recommended  the  placing  of  sand  filters 
about  2  miles  above  the  present  station,  at  a  cost  of  $1,062,000,  to 
supply  the  immediate  needs  of  the  city  and  the  adding  of  filters  as 
they  should  be  required. 
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MICHIGAN    SOLDIERS*    HOME. 

The  Soldiers'  Home  is  located  near  the  northern  limits  of  Grani 
Rapids.  Maj.  E.  B.  Taylor,  adjutant  at  the  home,  report^s  as  folloii 
concernin<i:  the  water  supplies  and  equipment  in  March,  1906: 

You  are  informed  that  this  liomo  has  a  wat^srworks  system  of  its  own  entirelj  indqicB 
ent  of  any  municipal  syst^^m.  The  supply  is  from  three  sources:  First,  from  three  spriii| 
which  arc  used  by  this  homo  for  drinking  and  cooking  purposes;  second,  from  what 
known  as  "Soft  Water  Lake,"  the  water  from  which  is  used  for  the  boilers;  third,  fro 
a  pond  made  by  damming  Lamlierton  Creek,  the  wat^  from  which  is  used  for  sprinkli 
purpoHi>8  and  fire  pnjt-ection.  Our  pumping  plant  consists  of  one  pump  of  a  capacity 
15,(X)0  gallons,  one  of  20,000  galloiLs,  one  of  30,000  gallons,  and  one  fire  pmnp  of  500/) 
gallons  per  day.  From  700  to  1,250  persons  are  supplied,  according  to  the  membenl 
of  this  home  at  various  times  of  the  year. 

IIOCKFORD. 

Rockford,  situated  on  the  banks  of  River  Rouge,  has  a  municip 
water  system  consisting  of  a  tank  of  3,000  gallons  capacity,  situati 
on  a  hill  west  of  the  villao:e.  The  distributing  system  consists 
1,350  feet  of  8-inch,  2,310  feet  of  6-inch,  6,270  feet  of  4-inch,  ai 
1,000  feet  of  2-inch,  mains.  Cast-iron  pipes  are  laid  in  the  princip 
streets.  The  pum{)s  and  pipe  are  owned  by  the  village,  and  tl 
pumps  are  operated  by  electric-motor  current  furnished  under  co: 
tract  by  Ilirth,  Krause  &  Co.  The  daily  consumption  is  216,0( 
gallons.  An  ordinary  pressure  of  60  pounds  and  a  fire  pressure  > 
100  pounds  is  carried.     The  plant  cost  $11,200. 

SPAKTA. 

Sparta  is  supplied  by  a  system  owned  by  the  Welch  Folding  Be 
Company,  which  consistsy  of  a  tank  of  3,000  gallons  capacity  and 
cast-iron  pipe  distributing:  system  of  1,200  feet  of  7-inch,  1,880  fw 
of  6-incli,  and  5,2«S()  feet  of  4-inch,  mains.  The  supply  is  obtainc 
from  Sparta  Creek,  and  a  fire  pressure  of  75  pounds  is  carried. 

LOWELL. 

The  village  of  Lowell  is  supplied  with  water  by  a  system  consis 
ing  of  20  2-inch  wells  i)uniped  to  a  reservoir  of  3,000  gallons  capacit 
which  stands  on  a  hill  east  of  the  village.  The  distributing  syste 
consists  of  9,240  feet  of  cS-in(;h,  9,200  feet  of  6-inch,  7,020  feet 
4-inch,  2,310  feet  of  2J-inch,  and  1,450  feet  of  1-inch,  mains.  T! 
2\-  and  1-inch  pipes  are  of  wrought  iron;  the  others  are  cast  iro 
The  system  is  owned  and  operated  by  the  Grand  Rapids  Eklis< 
Company,  and  was  built  by  A.  C.  Sekell  in  1893. 

FIX>WlNO  WELLS. 

There  are  several  flowing-well  districts  obtaining  suppli^  fro 
the  drift  and  one  obtaining  them  from  the  rock.  The  writer  invest 
gated  the  rock  district  and  five  of  those  which  obtain  supplies  fro 
the  drift,  and  Mr.  Bowman  the  two  others  (pp.  274-276). 
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CANNON    TOWNSHIP. 

^  Near  the  point  where  Bear  Creek  opens  into  Grand  River  Valley 
fc  Cannon  Township  (T.  8  N.,  R.  10  W.)  a  single  flowing  well  has  been 
obtained  in  the  NW.  J,  sec.  29.  *  It  is  at  an  altitude  of  700  feet,  or 
ibout  80  feet  above  the  river,  but  the  bordering  uplands  rise  above 
poo  feet.  The  well  is  150  feet  deep,  mainly  through  bowlder  clay. 
it  has  been  running  about  ten  years  and  has  neariy  stopped  flowing. 
hrobably  a  narrow  strip  along  Bear  Creek  Valley  and  the  neighbor- 
ly part  of  Grand  River  Valley  would  yield  flows,  but  no  tests  have 
HI  yet  been  made. 

ADA   TOWNSHIP. 

In  a  recess  on  the  east  side  of  Grand  River  Valley  in  sec.  9,  Ada 
Township  (T.  7  N.,  R.  10  W.),  are  2  flowing  wells  with  a  surface  alti- 
ude  of  720  feet,  or  about  100  feet  above  the  river.  They  are  each 
84  feet  deep,  mainly  through  clay,  and  are  about  exhausted.  It 
eems  probable  that  flows  may  be  obtained  in  the  neighboring  low 
x^ttoms  of  Grand  River  Valley,  and  perhaps  this  district  is  connected 
iith  the  Cannon  district. 

SPARTA. 

At  Sparta  village,  in  T.  9  N.,  R.  12  W.,  several  wells  formerly 
flowed,  but  have  now  entirely  stopped,  apparently  because  of  exhaus- 
tion of  the  field.  The  wells  were  all  very  shallow,  and  the  general 
lowering  of  the  ground-water  level  may  account  for  their  cessation. 

PARIS    TOWNSHIP. 

In  an  abandoned  valley  forming  a  line  of  glacial  drainage  in  tlie 
western  part  of  Paris  Township  (T.  6  X.,  R.  11  W.)  are  2  wells  located 
m  XW.  J  sec.  29  that  are  only  13  feet  deep.  They  are  at  an  alti- 
tude of  680  feet  and  the  water  rises  just  even  with  the  surface.  The 
material  is  blue  clay  down  to  a  water-l)earing  gravel  overlying  tlie 
limestone.  The  water  is  rather  soft  and  is  bottled  and  sold  in  (irand 
Rapids  for  drinking  purposes  under  tlie  name  of  "Ponce  de  Leon 
water.-'  It  has  been  used  commercially  since  184S.  An  analysis 
by  John  De  Boe  follows : 

Analysis  of  Ponce  de  Leon  water. 

Parts  por  million. 

Ckkium  carbonate 123.  12 

Cklchim  sulphate Trace. 

Sodium  cliloride Trace. 

Organic  matter 30 

Total  solids 1,53.  .504 

Xitritcs None. 

Nitrates 422 

Free  ammonia 015 

Albuminoid  ammonia .022 

Total  hardnees,  7. 2*. 
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BELMONT. 

At  a  hotel  in  Belmont,  in  T.  8  N.,  R.  1 1  W.,  there  is  a  flowing 
100  feet  in  depth,  with  a  surface  altitude  of  660  feet  and  a  flow 
2  (]:allons  a  minute.  It  carries  considerable  iron.  Belmont  is  £ 
uated  in  a  recess  in  the  north  bluff  of  Grand  River  near  the  monl 
of  River  Rouge.  It  is  probable  that  flows  may  be  obtained  eb 
where  in  this  low"  tract  and  perhaps  for  some  distance  up  Rin 
Rouge  Valley. 


ORAXI)    RIVER    VALLEY   DISTRICT. 


From  the  north  line  of  Grand  Rapids  to  a  point  several  miles  down 
the  river  there  are  flowing  wells  penetrating  in  some  cases  to  tha 
Marshall  sandstone  and  obtaining  a  flow  of  water  sufficiently  fresh  ib 
be  suitable  for  drinking.  They  pass  through  the  salt-  and  gypsum- 
bearing  beds  of  the  lower  Grand  Rapids  group,  w^hich,as  indicated 
bolow,  was  at  an  early  date  tested  for  brine.  Most  of  the  wells  in 
the  northeastern  part  of  Grand  Rapids,  however,  have  been  aban- 
doned on  account  of  the  brine  which  has  permeated  from  these  oM 
salt  wells  down  into  the  Marshall  sandstone.  Below  the  Marshal 
sandstone  the  w^ater  again  becomes  more  saline.  Care  must  there- 
fore be  taken  in  sinking  to  case  out  the  upper  salt  water  ai)d  to  stof 
drilling  before  reaching  the  lower  salt  water.  In  this  district  iht 
surface  altitude  is  within  a  few  feet  above  or  below  600  feet. 

The  largest  well  is  located  in  the  Hermitage  basement,  comer  of 
Canal  and  Bridge  streets.  It  is  8  inches  in  diameter,  385  feet  in 
(lej)th,  and  flows  at  a  pressure  of  about  3  pounds.  The  temperature 
of  the  water  is  50°  F.  At  Eagle  Hotel  a  well  209  feet  deep  has  some 
brine  in  it.  At  the  Widdicomb  Block  is  a  well  furnishing  the  soh 
water  supply  for  tlie  establishment.  At  the  county  jail  there  hw. 
been  a  flowing  well,  but  no  data  were  obtained  as  to  its  present 
condition.  The  Leonards  refrigerator  works  at  the  corner  of 
^Market  and  Railroad  streets  have  two  wells,  one  plugged,  the  other 
used  for  fire  protection.  The  water  is  unfit  for  boiler  use.  The  weDft 
are  245  feet  deep;  one  is  5  inches,  and  the  otlier  7  inches  in  diameter. 
In  the  basement  of  the  Rindge  Kahnl)ach  Block,  comer  of  Ionia  anl 
Fulton  streets,  is  a  flowing  well  only  33  feet  deep  w^ith  13  feet  of  eartK 
and  20  feet  of  rock.  It  flows  about  1  gallon  a  minute  and  is  used  for 
drinking  purposes.  In  the  basement  of  the  Weatherly  &  Piilt^ 
Block,  near  the  corner  of  Ionia  and  Pearl  streets,  is  another  flowing 
w^ell  whose  w-ater  is  used  for  drinking.  The  Furniture  City  Brewing 
Company  has  a  6-inch  well,  drilled  in  1904,  170  feet  deep,  in  w^hicl 
the  water  rises  to  w  ithin  5  feet  of  the  surface.  At  the  Grand  Rapid 
gas  works  and  the  Wallin  taimery  are  flowing  wells.  There  is  als< 
one  on  a  vacant  lot  at  the  corner  of  Shawmut  and  Gold  streets.  Th' 
Luce  Furniture  Company  has  a  well  at  the  factory  on  Godfrey  avenue 
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Alabaster  Company  have  three  wells  at  their  factories  southwest 
ihe  city.     The  Pere  Marquette  Railroad  shops  have  a  new  5-inch 
165  feet  deep,  flowing  1,500  gallons  an  hour.     At  the  tollgate 
forks  of  road  to  Grandville  is  a  well  flowing  a  weak  stream. 
^Between  the  weUs  just  mentioned  and  Grandville  is  an  interval 
2  miles  in  which  no  borings  have  been  made,  but  conditions  seem 
be  as   favorable  for  obtaining  flowing  wells  as  in  neighboring 
Btricts  above  and  below. 


Fio.  44.— Plat  of  Grandvilln,  Kont  County,  showing  distribution  of  flowing  wells. 

Grandville  uses  no  other  siipj)ly  than  its  flowing  wells.  There  arc 
ten  wells  wdthin  the  ^^lIa^rc  limits,  two  on  the  Grandville  road  one 
fourth  mile  east  of  the  village,  and  two  one-half  mile  south.  Some 
of  these  wells  are  5-  and  O-incli,  and  are  eaj)ped  with  fire  })liigs  so  that 
an  engine  can  be  attached  in  case  of  fire.  Small  faucets  or  pet-cocks 
on  the  wells  flow  all  the  time  in  cold  weather  to  prevent  freezing. 
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At  Jennison,  1  mile  west  of  Grandville,  are  four  wells  put  dowi 
some  fifteen  years  ago  and  in  good  condition  to-day.  These  weB 
were  all  drilled  by  O.  S.  Taylor  of  Grandville  and  are  from  120  U 
170  feet  deep.  The  cost  was  $2  a  foot  for  6-inch  and  $2.50  for  7-ind 
holes,  including  pipe. 

LOWELL.  " 

The  writer  examined  only  two  of  the  flowing-well  districts  of  Een 
County,  h)cated  one  on  the  east  and  the  other  on  the  north  horde 
of  the  county,  and  closely  connected  with  adjoining  coimties  whoa 
entire  area  received  attention.  Kent  County,  with  the  exception  o 
these  two  flowing-well  districts,  is  reported  on  by  J.  F.  Nellist. 

The  \nllage  of  Lowell  stands  at  the  mouth  of  Flat  River,  on  th 
north  side  of  Grand  River  in  eastern  Kent  County,  in  T.  6  N.,  R.  I 
W.,  and  had  a  population  of  1,776  in  1900.  The  Grand  Rapid 
Edison  Company  controls  the  water  system,  and  data  conc^minj 
this  system  appear  in  the  report  of  Mr.  Nellist  (p.  267). 

The  old  waterworks  system  once  operated  by  the  village  is  loc-ate( 
on  the  flood  i)lain  of  Grand  River  at  an  altitude  of  636  feet,  at  whicl 
elevation  the  welLs  were  said  to  flow  IJ  feet  above  the  surface.  TIm 
material  in  which  the  wells  were  sunk  consists  wholly  of  sand,  whicl 
is  very  fine  near-the  surface  and  offers  greater  resistance  to  thi 
upward  movement  of  the  water  than  does  an  open  pipe  and  thiu 
enal)l€»s  the  water  to  flow. 

The  most  interesting  well  hi  Lowell  is  that  of  Goodrich  Kopf, 
located  in  the  southern  part  of  iovni  near  Flat  River.  It  was  drilled 
in  1SS7  to  a  depth  of  over  100  feet  and  flowed  for  six  months,  when 
in  attemptin<^  an  alteration  of  the  pipe  a  break  resulted  and  the  flow 
coascMl.  Below  20  feet  of  surface  sand  there  is  80  feet  of  blue,  slightly 
stony,  clay,  beneath  which  is  a  black  water-bearing  sand  which 
yi(»l(led  the  flow.  The  water  rose  3  feet  above  the  surface,  which 
has  an  elevation  at  that  point  10  feet  above  the  old  waterworks  well, 
or  C)4(}  feet  above  tide.  The  water  was  of  good  quality,  containing 
a  little  iron  and  sulphur,  but  not  in  sufhciient  quantities  to  affeci 
the  taste.     It  was  said  to  be  remarkably  clear  and  pure. 

Xo  other  well  in  Lowell  seems  to  have  j^enetrated  this  blue-cla; 
layer.  That  it  is  persistent  is  shown  by  the  dug-well  records  collected 
in  all  of  which,  where  the  depth  was  suHicient,  the  clay  was  founc 
Xo  one  besides  Mr.  Koi)f  searched  for  water  below  it.  That  it  is 
potable  water  and  that  the  supply  is  amj)le  seems  fairly  indicate 
by  the  results  which  he  obtained.  Hundreds  of  acres  of  land  alon 
(irand  River  are  10  to  15  feet  lower  than  the  surface  at  Mr.  Kopf 
well,  and  flows  should  be  obtained  over  the  whole  of  this  area,  eve 
when  (lifTerences  of  head  are  (considered,  these  being  generally  sma 
in  short  distances. 

o  By  Isaiah  Bovnnan. 
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SAND   LAKE." 

:  The  weUs  in  this  area  are  located  near  the  head  of  the  valley  of 
taack  Creek  in  T.  10  N.,  R.  10  W.,  in  northern  Kent  County.  Mr. 
Pkmham's  well  is  1  mile  below  the  source  of  the  creek,  which  origi- 
iMttes  in  a  kettle  lakelet  on  the  divide  between  Rouge  and  Flat  rivers. 
A  half  mile  farther  down  the  valley  is  the  well  belonging  to  the  school 
llbitriet  1  mile  east  of  Sand  Lake,  and  a  mile  farther  down  the  vaUey 
|i  the  well  of  Mr.  Grosvenor. 

The  following  sections  show  the  character  of  the  water-bearing 
iOAterial  in  this  area: 

Record  of  R.  Famham  wdL,  Sand  Lake. 


Thickness.      Total. 


Feet. 

4 


. »  soil  and  muc  k. : 

'Bard  stony  day '    *  11 

<>Blffkiiand,  changing  gradually  to  coarse  sand 30 


Feet. 
4 

15 
45 


The  material  could  not  be  screened  until  the  final  depth  given  was 
pleached. 

'^  Record  oj  schooOumse  weUj  Sand  Lake. 


Thickness,  j    Total. 


!  Feet.       I  Feet. 

Ordinary  surface  sand 3  3 

1t»day,drv  and  tough i               27  30 

Getn  water-bearing  gravel 0  I  3(> 

There  is  no  quicksand  between  the  clay  and  gravel.     Cost  of  well, 
$20. 

Record  ofOrosvenor  vrll,  Sand  Ijoke. 


Thickness.      Total. 


I  Fret.       I  Feet. 

Q*yey  subsoil,  becoming  sandy  with  increasing  depth '  20  '  20 

Kaeday 4  ,  24 

Qnieksahd,  becoming  coarser  until  coarse  sand  and  gravel  wen?  reached 0  30 


These  records  are  typical  of  all  others  for  this  area.  The  blue 
clay  layer  is  persistent  throughout,  and  witli  but  two  exceptions 
is  underlain  by  quicksand  or  very  fine  water-bearing  sand,  wliich  is 
difficult  to  screen.  This  condition,  combined  with  peculiar  di'illing 
methods  and  the  wishes  of  well  owners,  is  the  reason  for  some  peculiar 
differences  of  head  and  flow  and  therefore  of  temperature.  In  this 
locality  there  is  a  decided  preference  among  well  owners  for  the  use 
of  easily  operated  pitcher  pumps  in  wells  instead  of  allowing  the 
water  to  flow.  The  flat  surface  would  allow  the  waste  water  to 
collect  in  pools  in  the  yard,   giving  it   an   unsightly  appearance. 


fl  Bv  Isaiah  Bowman. 
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Fortunately,  the  conservation  of  the  water  supply  is  by  this  mea 
secured,  although  it  is  not  a  primary  consideration  in  the  mind 
the  well  owner. 

It  is  said  to  be  difficult  to  install  the  pump  if  there  is  a  strong  flo^ 
water,  and  the  driller  who  has  driven  most  of  the  wells  in  this  local! 
J.  S.  Parker,  says  that  for  this  reason  he  tries  to  drive  the  pipe  onl\ 
far  into  the  fine  sand  below  the  clay  as  will  permit  merely  a  slight  fl< 
The  true  head  of  the  water  is  by  this  means  rendered  indet^miin 
except  wliere  a  flow  is  secured  under  more  favorable  circumstance 
in  the  well  of  Mr.  Philo.  Here  the  temperature  of  the  water  is  lo^ 
than  elsewhere  in  the  area,  a  condition  in  this  as  in  other  cases  du( 
the  strong  flow  and  the  consequent  slight  effect  of  the  relati^ 
warmer  pipe  in  raising  the  temperature  during  the  ascent  of  the  wa 
Where  the  flow  is  slight  the  temperature  is  always  modified.  The  t 
temperature  of  the  subsurface  water  therefore  is  nowhere  cloj 
expressed  except  in  the  case  of  strong  flows.  Compare  the  tempi 
ture  of  the  Philo  well  (47.5°)  >\ath  that  of  the  Reed  well  (50^^). 

The  Sand  Lake  flows  occur  in  an  area  of  5  square  miles  ext< 
They  have  in  general  a  low  head  which  could  be  considerably 
creased  (though  the  present  method  of  drilling  works  an  advantai 
yield  clialybeate  water,  whose  source  is  in  the  moraine  and  clay  pi 
at  the  head  of  Black  Creek,  and  belong  to  that  general  class  of  ^^ 
which  obtain  water  of  local  origin  at  slight  depth  beneath  clay.  Fi 
tlie  head  of  the  water  in  the  well  in  the  series  farthest  down  the  va 
it  is  clear  that  if  other  conditions  are  favorable  more  flows  could 
obtained  in  that  locality.  The  valley  some  distance  below  this  p( 
is  wooded  and  flat  and  therefore  not  settled,  which  accounts  for 
undevel()})ed  condition  of  this  section  of  the  area  with  respect  to  w( 
The  cost  of  installing  wells  is  50  to  75  cents  a  foot.  The  pitc 
pumps  in  coninion  use  cost  several  dollars.  The  last  two  w 
described  in  tlie  table  are  used  in  supplying  the  boiler  in  a  sslwh 
The  others  are  for  stock  and  domestic  purposes. 

WeJls  at  Sand  Ijilce  {T.  JO  A'.,  R.  10  W.). 


^^  <>— •  ^:i;;;::^>epth.:»^l-- 


Feet. 


4     R.  Farnham 18t)9  4.')  S8.'.  885*  ,         3 

4  i  T.  J.  nianchard \mi  32  S,S2  883*'           .12; 

4     C.  (^avanauch 19()2  41  mi  900'!         1.5 

4  :  School  diat  not 11K)4  30  000  901     .Pumped.! 

10     T.. I.  nianchard 1902  43  SO.)  897    '           .12, 

3    do HK)2  33  890  902    I          3 

3 
3 


D.B.Phillips 1892  33  ?)00        fK)l    i  Pumped 

A.  Hudson 1S92  X\  870        T?74     '  .5 


3  . 1.  VV.  Marshall 1H90  .  30  899  <X)1  ;  Pumped.' 

10  Mr.  (Jrosvenor I^IOO  .30?  893  895  !           .06' 

2     L.  Rocd 1898!  30?  887  886  I  Pumped.' 

2* do i      1898  30  88.',  886  ....do... 

2  do 1898;  35  S79  883  I            .5    i 

i;  A.  J.  Philo ! 22  8(i7  871  •        10 

1  do 1 25  870  871               2 

3  VV.  Kohn 1894  32  880  881  


It. 

Feet, 

45 

88.^. 

32 

882 

41 

mi 

m 

900 

43 

805 

33 

899 

33 

m) 

X\ 

870 

30 

899 

.30? 

893 

30? 

.887 

30 

88.-) 

35 

S79 

22 

8(i7 

25 

870 

32 

880 

^ri^' I  Flow  per  Ten 
to—    I  ™»n"^-  '    *^ 


Feet.   \  Gallons. 
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NONFLOWINO  WELLS. 

arge  number  of  the  wells  obtained  from  the  drift  are  not  flowing 
,-  and  yet  yield  large  amounts  of  water,  there  being  a  general 
ibution  of  water-bearing  sand  and  gravel  beds  in  clayey  areas  as 
is  in  sandy  areas.  On  the  highest  moraines  the  wells  frequently 
I  a  depth  of  100  to  200  feet  and  have  but  a  few  feet  of  water, 
he  more  level  tracts,  especially  the  broad  sandy  plains  of  the 
leastern  part  of  the  county,  also  the  terraces  along  .the  rivers, 
rells  are  shallow,  ranging  from  10  to  50  feet  in  depth.  The  wells 
pland  tracts  that  are  not  morainic,  especially  in  the  portion  of 
ounty  south  of  Grand  River,  are  frequently  sunk  to  depths  of  50 
lO  feet.  The  wells  from  the  rock  are  confined  almost  entirely  to 
id  River  Valley,  where  flows  are  often  obtained  as  noted. 

SALT  WELLS. 

veral  salt  wells  were  drilled  in  Grand  Rapids  about  1860  on 
side  of  the  river.  The  range  in  depth  was  from  260  to  over  500 
but  the  deeper  wells  passed  below  the  Marshall  sandstone  and 
ined  no  additional  flow\  Considerable  brine  was  pumped  for  a 
,  but  the  wells  have  all  been  abandoned.  The  Taylor  well  on 
il  street  in  the  bed  of  Cold  Brook  Creek  is  still  flowing.  The 
rs  never  had  a  strong  flow,  and  some  barely  reached  the  surface." 

SPRINCiS. 

liere  are  strong  springs  along  Grand  River  between  Grand  Rapids 
Ada,  also  along  Thornapple  Valley  near  Whitney ville  and  at  Cas- 
'.  Crystal  Si)rings  are  in  the  north  bank  of  Plast9r  Creek  south  of 
(id  Rapids,  and  farther  southeast  others  occur  along  a  depression 
hich  no  surface  stream  is  found.  Besides  these  there  are  numer- 
weaker  springs  along  nearly  every  stream  in  the  county,  which,  as 
lole,  is  exceptionally  well  supplied  with  springs,  some  of  wliicli  are 
ady  of  high  commercial  value. 

rvstal  Springs,  on  Madison  avenue,  1  [  miles  south  of  the  ciiy  limits 
jrand  Rapids,  on  the  hank  of  Plaster  Creek,  com|)rise  some  00 
ngs.  The  water  of  tli(»  largest  is  ])ottle<l  and  sold  for  drinking 
poses  as  Crystal  Spring  water.  About  3,000  gallons  a  day  is  sold, 
ti  the  same  township,  Paris,  in  the  SW.  ',  sec.  S  and  the  NW.  \ 
0,  are  two  springs  known  as  Pantlands  Springs,  one  used  for  a 
pond  and  stock,  the  other  for  a  j)ui)lic  watering  trough  and 
►wn  as  the  "watering-trough  sju-ing. " 

'lister  Spring  on  East  Bridge  street  liill  in  (irand  Rapids  is  used  to 
'ply  the  Grand  Rapids  Bn^wing  Company  and  is  also  bottled  and 
ias^Vrctic  Spring  water,  the  amount  sold  being  perhaps  1  ..^00  gal- 
s  a  day. 

Vinchell.  A..  Ann.  Kept.  Mich.  Oml.  Siirv»'y.  is«<):  aL«s«>.  Lano.  A.  (\.  iW'olo^'v  of  .Michigan,  vol.5, 
latter  contains  the  rpcord  of  u  (Iccp  horinR  which  exteuds  Uown  into  the  IWonian  limestone. 
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Harrison  Springs,  on  the  Fourth  street  hill  on  the  west  side  of  Grai 
River,  issue  at  several  places  along  a  small  valley.  The  water  is  bo 
tied  and  sold  as  Minnehaha  water  in  about  the  same  amount  as  thati 
Custer  Spring. 

Mill  Creek  has  two  large  springs  that  have  been  piped  down  froi 
the  hills  west  of  the  village,  one  supplying  the  West  Michigan  Fii 
Grounds  through  a  6-inch  pipe,  and  the  other  supplying  the  Michiga 
Black  Bass  Fish  Hatchery  at  a  head  of  about  24  feet. 

Three  miles  north  of  the  city  on  the  east  bank  of  Grand  River  an 
the  extensive  Bailey  Springs,  which  have  been  proposed  for  a  partii 
water  supply  for  Grand  Rapids  and  a  e  estimated  to  yield  7,OOO,00( 
gallons  a  day.  These  springs  apparently  embrace  in  their  catchmeni 
area  a  large  part  of  the  high  tract  in  the  bend  of  Grand  River  abow 
Grand  Rapids.  There  is  considerable  water  coming  to  the  siufuc 
for  a  distance  of  3  miles  along  the  east  bank  of  the  river  from  sec.  6, 
Grand  Rapids,  to  sec.  29,  Plainfield  Township,  but  the  strongest 
springs  are  in  sec.  29. 

At  Cascade,  on  Thornapple  River,  east  of  Grand  Rapids,  are  exten- 
sive springs  used  for  fish  ponds  and  for  a  sanitarium.  These  springs 
are  derived  largely  from  drift  deposits;  but  in  the  center  of  the  river 
are  others  carrying  sulphuretcd  waters  that  may  be  from  gypsum 
rock.     They  are  used  for  baths  and  for  medicinal  purposes. 

The  Whitney ville  Springs  west  of  the  village  have  not  as  yet  been 
developed,  but  arc  of  great  strength  and  of  excellent  quality. 
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ton  Township  (Macomb  County),  welU 

in 203-204 

•me  Township  (Montcalm  County),  plat 

of,  showing  well  distribution. . .      247 

weUsin 245-247 

,da  Township  (Kent  County) ,  wells  in 271 

^dair,  water  supply  of 208 

Iddison,  water  supply  of 81 

ILdrian,  waterworks  of 79 

w»lls  at  and  near 78 

water  of.  analysis  of 79 

Adrian  Township  (Lenawee  County) ,  well 

in 98 

Alricoltural  College,  wells  at 175 

Alaiedon    Township     (Ingham    County), 

depth  to  rock  in 171 

Uahio,  water  supply  of 130 

Albion,  waterworks  at 131, 132, 133 

▼aterworksat,  water  of,  analysis  of...      133 

.Ucooa  County,  rainfaU  in 10 

wellsin,  water  of,  temperature  of 16 

•Mgonac.  waterworks  at 205,208 

Algonquin,  Lake,  location  of 6 

Algonquin  l>rtich,  location  of 6 

-Ulegan,  waterworks*  at 152, 153 

AUt»gttn  County,  flowing  woils  In 153-160  | 

minfttll  in 10 

topography  of 152 

village  supplies  in 153 

waterworks  in 152-153 

wcUs  in 152-1«0 

ri'cords  of 158-159 

t*»raperature  of 16 

water  of,  analysis  of 155,  ItiO 

^■li*.'n  Township  (IliUsdalo  County),  wella 

in 1(>2 


11 
10 


ALrnont,  waterworks  at 

Alppna.  rainfall  at  and  near 

Alpena  County,  rainfall  in t 

veils  in,  water  of,  temperature  of 

Aniboy     Township     (Hillsdale     County-.  ' 

wells  In («  I 

.\nchorville,  wells  near .1)4- -'05 

Ann  ArlKjr,  springs  at Hi,  140-141 

springsat,  temperature  of 17-20  ! 

temperature    at,   variation    in,   chart 

showing 20 

waterworks  at 22,142-145  j 

w^Us  at  and  near 13S,140-142 

wnt4>r  in,  analyses  of 140,144  j 

temperature  of lo.  17-20 

variation  in, chart  showing.        "20 
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Antrim  Ck)unty ,  rainfall  in 10 

wells  In,  water  of,  temperature  of 16 

Antrim  shale,  occurrence  of 73 

water  from •. 66 

Antwerp  Township  (Van  Buren  County) , 

wells  in 123 

Arcadia  Township,  wells  in 218 

Arenac  County,  rainfall  in 10 

wells  in,  water  of,  temperature  of 16 

Arkona,  Lake,  character  and  location  of . . .  01 

Arkona  beach,  location  of 6 

Arlington  Township  (Van  Buren  County), 
plat  of,  showing  well  distribu- 
tion   124 

wells  in 124-125 

Armada,  waterworks  at 199 

Armstrong,  A.  II.,  information  by 1S5 

Artesian  map  of  Michigan 6 

Ash    Township    (Monroe    County),    wells 

in 27, 30, :« 

Assyria,  water  supply  of 163 

Athens,  water  supply  of 132 

Atkins,  wells  near 21 1 

Attica,  water  supply  of 217 

Attica  Township  (LaptH'rCounty ) ,  wells  in.  21 H 

Auburn,  depth  to  rock  at 177 

Augusta,  water  supply  of lao 

Avoca,  water  supply  of 208 

Avon  Township  (Oakland  County),  well.s 

in 189,195-1% 

B. 

Bailey  Springs,  location  of 278 

water  supply  from 2t)9 

Bainhridgo,wells  at 118 

Biiinbridgo  district,  plat  of,  .showing   well 

distribution 1 18 

wells  in 117-118 

Biiinbri«lg«*  Township  (Berrien  County), 
plat  of,  showing  well  distribu- 
tion   115.118 

w«'lls  in 111.  114-115. 117-1  IS 

Bancroft,  wells  in 175 

Bangor,  waterworks  at 120, 121 

Bangor  Township  (Van    Bun.-n    County >, 

Wflls  in 125 

Baroda.  water  supply  ol 113 

Barron  Laki-.  water  supply  from Ill 

Barry  County,  flowing  w«>lls  in lu'^lG4 

rainfall  in K) 

toj>ography  of HiO 

village  supplies  in H»^i 

279 
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Barry  County.  wHl«»rworkH  in l«il-lf«2 

wtUs  in lliO-lM 

t<'iiiivriitun>  of 10 

w«ttor  of  nnalysia^  of H»2 

Batavb ,  wtiU'r  utipply  of 105 

Bath,  wells  in 175 

Bat<l«'CnH'k  ( post -oiric«'.wat«TworkB lit.  131-i;C 
wat«TworkH  at .  water  of.  aiinlyslH  of . .  .      133 

wolls  at l.T2-i;« 

Battlo  Cni'k.  drainage  of 131.  UV4 

woils  on 132 

Bay  Cour.ty,  rainfall  in 10 

wells  in.  water  of,  tenJiM'ratnn*  of 10 

B<*ach<>s,  glaeial-lak«',  liwatlona  of 0 

und«'rjrroini«l  water  on 7 

Bonn  Cnv'k.    Sfc  Tillin  Kiver. 

Bear  Cntk.  wi-lls  on 2oh-2o0 

wells  on,  nronls  of iiiS.'iSO 

Boar  Cn-ek  an'a,i»l«it  of.  showinp  wi*ll  dis- 
tribution       258 

wells  in 25»-250 

Bedford  Township  (Monro<»  County,  v.i'lls 

in 27,32 

Beldiiif;.  iilat  of.  showinj?  well  distribution.      231) 

wells  at 235-2.S7 

n-eonls  of 23.V'30 

wat«'r  of.  analysis  of 2<0 

Bolford.  wi'llsut  and  ni'nr 177 

Bi'lUiin'.  w(  Us  at S 

Belle,  Hlver,  drainape  of 2(«,213 

Bi-hnont .  wells  at 272 

Belnion*  Ix-ach,  l(»eation  of (i,  25 

wells  <»f »;7,K2,SS,  ITO 

Bennington.  welN  in 175 

B<niton  Harbor,  waterworks  at 112. 113 

Fienlon  Towv:^iin.    K;itnn  \itmlFi,  wells  in.       175 

Beiizi*' County.  nuLrif.il  In  10 

wi'lls  in.  wnt-r  uf  tempt-Tfttiirf  i>f 10 

Berlin  Township   MnnrcvCfltinty',  wells  In.  27.30 

Bi'rrien  County,  (lowing  w««lls  in 113-1 IX 

local  ion  (»f 1 10 

rainfall  in 10 

tnpogra|)liy  of 110 

viljiip'  suppli«'s  in 1 13 

w;il«Tw«irks  in 111-113 

w.'INin 7. 111-lls 

watiT  iif.  tt-miM-ratun-  of pi 

Bi-rriin  SpririL"*.  wMti-r  supply  of 113 

BiTvill.'.  w.itrr  snppl>  .>f 20.s 

lli.L'  Nb;i'l<i\\^  ;iriM.  wi'lls  In |s.S 

Hinj.Tli;iiii  Township  Mlirtoti  County  .  i)lut 

.'f.  Nhf»\ving  w.ll  ilistribntiiMi.. .       22^» 

wlN  i; •J--'.s-220. 2:U) 

Hirniinu'b  itM.  <l.  ptl!  t'»  pK-k  jit 1T7.1>>;{ 

r;iii;f  ill  .it ...         4'.> 

\v:it<r\\"rk-  .i: lv_» 

\\:iitr  .'f,  jin.iK-i'-  ■  f 1^2 

lli>ni.ir(l».  u  I'll.-  ill l«i'.» 

Bi».iii,ir'ft-K-'\;i:i;i  di-lru'i,  \M  IN  uf \ut 

Ml.M-kCn.-k.  w.ll^..ii .       27.-. 

Ml.irk  Ui^.■r.  dniiniit''-  "f 20") 

v.-l!.-  -.n lL»i..2««» 

Bli-.-Ii'll.  \^-li- .it  ,i':-l  i:iMr.  . .  .  .   .   7^**! 
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Bioomor   Township    (Slontcalm    County-. 

wrll  in 2V 

Bloomflold   Township   (Oaklund   County:, 

wells  In I* 

Blooniingdalo,  pint  of.  showing  wnll  distri- 
bution      las 

water  supply  of IS 

wells  In 13 

Bog  lime,  water  from 7-1 

Bonstivl  (!?wtug  vrt'U^  w  w  of Ml 

Bon^tl  wpllft,  draciiptjon  of B 

BowtoAD,  iMUib,  aa&Iyw4  by m 

onDan^Codnty         IM-1«£,  lO-IM 

on  Clinton  County 23S-2S 

on  Eaton  County  164-11 

on  CiraatachiipiLivA IS 

on  tnghftcn  Cmmty I«4-13I 

on  lonlii  County. . ! 235-M 

on  Lowell  wells S4 

on  Montcalm  County 24f^]S 

on  Ottawa  County "SUM 

on  Sand  Lake  wells 275-CI 

on  VVaylund  area 15S-WI 

work  of 2,51 

Boyne,  wells  at I 

Braneh  Comity,  flowing  wells  In IN 

hxratitm  of IN 

rainfall  In M 

topography  of IN 

village  supplies  in HIS 

waterworks  In lOt-HK 

wells  In 1O4-105 

water  of,  analysis  of IN 

temperaHire  of 16 

Brandon    Township     (Oakland    County i, 

wells  of 184-1K7.1# 

Bravo,  water  supply  of 13 

BnM'dsville.  water  supply  of 131 

w<41s  at  and  near 125-13S 

Brl«ip'mnn,  water  supply  ot US 

Brines,  salt  secured  from 75 

Britton,  wells  at 81,88 

wells  at .  water  f n>m,  analyses  of 4 

Bronson.  water  supply  of US 

Brookly  n-Clark-Lake-Xorvell  district,  wells 

of i».-ir 

Brookl\n  (.Mlcgan  County*,  v.ater  supply 

of 13 

Brooklyn  t.lackstm  County ■.  \.ator  supply 

of 13a 

wells  near Ut 

Brownstown  Township,  springs  In 74 

wrils  in t;S,67,7ia,76 

water  >upply  In 7S 

Brue«'  Township  ( Wayiu*  County  >,  wells  In.     301 

l*.U(luin;in.  waten*"orks  at m 

w.lN  Jit  and  near 111,11! 

Hurlinuron.  water  supply  of ifi 

BurliiiKMon    Township    (Lapcvr    County), 
jilat  of,  showing  we: I   i!istribu-> 

li«>n 230 

wrlK  in 230-22L.2Z4 

Hurti'-il.-.  w«'lls  in  and  near 2l4,217,21*-230 

Hum-^il."  rown»-hip  (Lapvr County ».  weUs 

in 21S-2W 

Butl«r.  w.itt-r  >upply  of 1(6 
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tKlillAO.  elevation  near 5 

ilhoun  County,  flowing  wells  in 132-133 

rainlaUln 10 

topography  of 131 

iffiaffi  nopplk^  in 132 

W»tew*tvrka  In 131-132 

w^a  In 131-133 

wat*r  ol.  aniiysp^s  of 133 

trrnptruturvs  Ln 16 

I'mlifomU.  ^ratrr  supply  of 105 

^  !  tcr  supply  ol    100 

Cambria       vnshlp  (UUIiKljtJw  County) ,  pi  At 

of.  showing  woll  distribution. . .      103 

wells  in 103 

Camden,  well  near 103 

Cwapbell,  E.  D..  analyses  by 140, 144 

Cimpbcll  Township  (Ionia  County),  plat 

of,  showing  well  distribution ...      238 

wells  in 237-238 

CiutiDi;  Township  (Kent  County;,  wells  in.      271 

Ctnton  Township  (Wajme  County ) ,  wells  In      65, 

66,67,(»-«D,70,76,77 

Ctpac,  waterworks  at 205-206, 208 

waterworks  at.  water  of,  analysis  of . . .      200 

Ctrlpton.  water  supply  of 163 

Ciileton  region,  wells  of 38, 44 

r^roTksat 249 

CMcade,  springs  on 278 

(3mco  Township  (St.  Clair  County ) ,  wells  in      204 

Ci*  CoiiiJl  y    n  i  n*  1  ri '  wells  in 108-109 

rainfall  in. 10 

topography  of 108 

village  supplies  in 108 

waterworks  in 109  j 

wells  i n 10^  11 0 

rpconl  of. 110 

temperatures  of Ui 

Caw  River,  drainage  of 213 

Cassopolis,  water  supply  of 108  j 

walflrworkfiftt.  110  ' 

Caichnwnti  artaJ^  di*tribijtiop  of '• 

*^Mar  Lake,  plat  of,  showing  well  distrilni- 

tion 247 

wells  at 240-247 

^«Mar  River,  drainage  of ltl4-l<M 

wells  on 174 

"^ment  City,  water  supply  j.   '^l 

wells  at 7s 

'-•inter  Line,  wells  at 2»)0 

^"•fiit^rriCU*,  witter  supply  at 107 

watpf  ■apply  at,  TstiUT  i^f,  jiiNily^JN  of. .       107 
^liinitiPrlhu  T  C,  water-siupply  data  rol- 

kii  UhI  by  I 

^lutttcroii  Cntinty  raiafttU  in lo 

WT'ttii  tn,  water  of,  tetiijutTatTifr  of H, 

^lkarLottf>,  watorworkt  at  l»v«»-ir,7 

Tati^rw  rtfki  at  f  w  iitpr  of » analy  ?  i    o  f . . .      n  i7 

^liariotte  d  si  tict^  well  ft  of  n;s  i  (,'» 

-Ijelwygan  'oiinty^  rainfall  Iti   li) 

well.s  III,  water  vt  tempers  inn'  of hi 

f^Tkelsca,  wttUTwnrka  at 1 }«, 

>  it^TWorks  at,  watt-   of  analysis  <»f . . .       Uo 
Criaestfrfleld  Township  (Ma"o:iih  County  . 

wells  in 2«»4 
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Chester  Township  (Ottawa  County),  plat 

of,  showing  well  distribution. . .      254 

wells  in 255 

Chicago,  Lake,  location  of 6 

r|]n»-tj!iii.  R,  A  ,  information  from 128,177 

(  hiiniclril],  will  sinking  by 13 

Clarp  County,  rainfall  in 10 

wi'lls  in*  watiir  of»  temperature  of 16 

CluffenrfoTi ,  Wftter  supply  f^i        132 

Clark,  J   E.aitalyiwaby     60.67 

riarts  Laki\  wat^3^  supply  of 135 

wrllsnpiir  136-137 

See  aJflo  nrrtoklj  ii-Tlarlcfl  Lake-Norvell 
district. 

Clarkston,  water  supply  of 183 

Clarksville  district,  plat  of,  showing  well 

distribution 238 

wells  in 237-238 

record  of. 238 

water  of,  analysis  of 266 

Clayton,  water  mpiAy  of 81 

Clifford,  welbatand  neur 217,221 

Clinifljs,  wat4?r  supply  of    130 

Clinton,  wpI  I  sat  uni  in  I'flr  78,80,81 

Clinton  Hlver,  drainage  of 176. 196. 213 

woUsiin         203-204 

CltnlonCniinlv  depth  to  Iwd  rock  In 171-172 

flowing  wells  in 175, 225-233 

rainfall  in. 10 

topography  of 225-226 

waterworks  In 225, 233-235 

wells  in 171, 172. 175 

records  of 22<V-227. 228. 230. 234 

watt"    nf,  aiioh  isiH  of 2<i6 

tompenUiireof  16 

Cloverdnlo.   ■  -upply  of KWl 

Clyde,  water  supply  of \Ki 

Clyde  Township  (St.  Chiir  County),  plat  of. 

.showing  w»^ll  distribution 210 

wells  in 210-21 1 

Coal  measures,  water  from 7 

Coldwater.  u  ulefwni'kji    t 104 

ColdWttter  fllin]«'^.  occurnMuc  of 7.3 

wttter  f rf  Mil       07. 1 40 

f  Ni^jninn,  water  "^npj^ly  of li:j 

Cohinibiu  Township  r\'an  Hiiren  County), 

wells  in 12.') 

Coliimbiavilh'.  walcrworlcJ  at 217 

wpUs  nca  r 21 4, 21 7. 2"-M-_*2.') 

Columbus  Township    (St.    Clair    Countyi. 
plat  of.  showing  wt>ll  (!istril)U- 

lion 212 

wrlls  in 21).'.. LMi  _»i;; 

Concord.  wat«'r  supply  of i:r» 

Cone.     Srr  Milan-ConiMlistrict. 

Conklin  district,  plat  of,  ^Jhowiii);  wfll  <lis- 

trihution 2')4 

wells  in L':.4  2.V. 

('onn(»rs  Crock,  draitiap'  of .'>.'>. .V 

t'onstantinc,  water  supply  at 107 

Coolcy.  M.  E..  (Ml  rainfall .V) 

Cool.-y,  Thomas,  nn.-ily^is  l>y 2:54 

Cooper.  \V.  K..  inforniiitioji  fr(KU lfK).20:t 

work  of a.  lis,203 
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F««e.    I 
C'>oporsvillc,  plat  of,  showing  well  distribu- 
tion.       3S5 

watt^rworks  at 263 

wells  near 3S6-257 

records  oL 256.263 

water  of,  analysis  of. 266 

Covert,  water  supply  of 121 

Crawford  County,  rainfall  in 10 

wells  in,  water  of,  tcinperaturo  of 16 

Crenolhrix,  oceurroiK*e  of 133 

Cn'ssy.  water  supply  of 163 

Croeker.  T.  M.,  on  Mount  Cloniens's  wells. . .      197  j 

Crocker>-  Creok,  wells  on 250  | 

Oystiil  Lake  distriet.  wells  in 247-248  j 

Crystal  Springs,  location  of 277 

Cri'stal  Township  (Montcalm  County)  .wolls 

In 247-248  1 

CuRtt>r  Spring,  iM'ation  of 277  ' 

n. 

Pavls,CharleHA.,  on  Big  Meadows  district.      188  ; 

on  E]si<  und  vicinity 230-233  ! 

on  Cf  roveland  Township 187-188 

on  Holly  wells 180-181 

on  Tmlay  City  wells 214-216 

on  Lai)eor  wells 210  < 

on  Ortonville  district 184-187  ' 

on  Oxford  wells 178-180  ' 

work  of 2. 170  ' 

Davisbnrg,  water  supply  of 183  ; 

Dayton,  water  supply  of 113 

Pay  ton  Township  (TuHcola  County),  plat 

of.  !*howing  well  <listributlon...      222  , 

wells  in 222.224 

Dearborn,  water  supply  of.  analyses  of 68 

Dearborn     Township     (Wayne    Coimty). 

water  supply  of fir* 

wells  In 7<>,  77 

Dei-atur.  waterworks  at I'JO.  121 

Deer  (reek.  wat<»r  stii)i>ly  from 2<'>3 

wells  on 2iV> 

Divrfleld.  wells  at JSl 

Defiamv  moraine,  hn-ation  of i;J8  . 

wi-llson 138 

Delray,  water  supi)ly  <if .*»3  , 

wi'lls  at 75 

D<'lta.  wells  at 175  , 

Delta  Township  (Katcm  County),  depth  to 

ro(?k  in 172  i 

Delton.  water  supply  of I«'i3  '. 

Delwood,  wells  at 17.)  , 

Dent(ms,  water  sui)])ly  at ttf<. 74  ; 

water  supply  at,  analysis  of »i9 

Dei)th,  influence  of,  on  tempera tun» 14-  l.'i 

Detroit.  ))opulation  of 24 

ruinfall  at 4(» 

water  supply  of 24, .53-.'>4 

Detroit  River,  description  <jf 52  ! 

flow  of .V2 

l)etr<»it  Uiver,  n^gion  of,  x^-ells  of 43  ; 

Detroit  Uiver.  water  supply  from 52  j 

water  supply  from,  analyses  of. . .  52,55-56,58  > 

contamination  of 5.S-5K  ; 

wells  on 7  | 

Deven^aux,  water  supply  of 135  i 

1  »evonlan  shales,  gas  In 140  | 


Dexter,  w»ter  supply  of . . : 

DimondAle,  wells  at 

Disco,  wells  at 

Dorr,  water  supply  of 

DouglMs,  water  supply  of 

Dowagiac,  water  supply  of 

waterworks  at 

wells  at  and  near 

record  of 

Dowagiac  River,  drainage  of 

Drainage,  character  of 

See  aUo  Topography 

Drayton  Plains,  water  supply  of 

Dienthe,  wells  at 

wells  at.  record  of 

water  of,  analysis  of 

Drenthe  area,  plat  of,  showing  well  dis 
bution 

wells  of 

Drenthe  Creek,  wells  on 

Drift.  Glacial,  character  of 

distribution  of 

structure  of 

water  from 

analysis  of 

Drilling,  use  of 

Drought,  effect  of,  on  wells 

Drumllns,  distribution  of 

Dryxlon.  water-supply  of 

Duffleld,  8.  P.,  analyses  by 

Dug  wells,  dangers  of 

description  of 

Dundee,  rainfall  at 

Dundee  limestone,  occurrence  of 

Dundee  Township  (Monroe  Coiuity).  wi 

in 

Dunning,  water  supply  of 

Duplaln  Township,  wells  in 

E. 

Kagle,  waterworks  at 

Kast  (Invnwood  district,  wells  in 

Kast  .Jordan,  wells  at 

Kaston  To^-nshlp  (Ionia  County),  plat  > 

showing  well  distribution 

wells  in 

East  Saugatuck.  water  supply  of 

Katon  County,  depth  to  rock  in 

flowing  wells  in 136, 1«i,  IfiS-lCJ 

rainfall  in 

topograi)hy  of 

wa  t erworks  in 

weUs  in 130, 105, 168-169,  ITL 

teni]>eratur\*i»  of 

watj'r  of.  analysis  of 

Src  o/ao  Lansing;. 
Katon  Ra]uds,  plat  r>f.  showing  well  dlst 

btition 

wateni'orks  at 

wells  at 

record  of 

water  of.  analysis  (»f 

Kau  (-lain*,  waterworks  at 

Ecorst'.  well  at 

EconH»  Kiver,  drainag<>  of 
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Page 
Townahip  (Wayne  County),  welte 

in 67, 70, 76 

pdmove,  waterworks  at 249-250 

waterworks  at,  water  of,  analysis  of . . .      266 

■Sdwardsburg,  water  supply  of 108 

water  supply  of 217 

i derations,  heights  of 4-5 

Xlkton  Beach,  location  of 6 

rainfall  at 49 

water  supply  at 58,63-64 

analysis  of 64,75 

wells  at  and  near 230-233 

Kmmet,  water  supply  of 208 

Smmet  County,  ground-water  table  in 11 

rainfall  in 10 

wells  in,  water  of,  temperature  of 16 

Enaley  district,  wells  of,  water  of,  analysis 

of 266 

Brie  lobe,  location  of 213 

Krie  Township  (Monroe  County) ,  weUs  in. .       32 
Essex  Township  (Clinton  County),  wells  in, 

water  of,  analysis  of 266 

Eureka,  wells  at 226-227 

wells  at,  records  of 226-227 

Eureka  district,  plat  of,  showing  well  dis- 
tribution       226 

wells  in 22&-228 

water  of,  analysis  of 266 

Exeter  Township  (Monroe  County),  wells 

in 27,30,35-38,42 

F. 

'  ?airfield,  weUs  at 81 

Fairhaven.  wells  at 204-205 

Farmington,  water  supply  of 183 

F&rmington  Township  (Oakland  County), 

weUs  in 189, 194 

'      Feeble-minded,  Home  for,  waterworks  at.  21(>-217 

FennviUe,  water  supply  of 153 

Fish  Creek,  drainage  of 249  ' 

Fish  Lake.  weU  on 109 

Flat  River,  description  of 267 

water  supply  from 236, 269  , 

weUs  on 235,251  I 

FUnt  River,  drainage  of 176,213  i 

weUson 224  | 

Flowing  wells.    See    WeUs,  flowing;    aho 

particular  comUies.  ' 

Ford,  water  supply  of 54, 58  , 

Forest  beaches  (upper  and  lower) ,  location  ' 

of (I 

Forests,  distribution  of 5 

Fowler,  waterworks  at 2:i4  j 

FowlerviUe,  wells  in 175  | 

Francisco,  water  supply  of 135  , 

Franklin  Township  (Lenawee  County) .  plat  ' 

of,  showing  well  distribution . . .        dry  | 

wells  in O.'j-OT,  W 

Franklin,  water  supply  of 183 

FraacT,  wells  at 200  | 

Freeport,  water  supply  of 103 

Fremont  Township  (Sanilnc  County ) ,  wells  ! 

in 209  I 

f rcnchtown  Township  (Monroe  County ) . 

wells  in 30 

foUer,  M.  L.,  on  loss  of  head 20 

on  lower  Huron  River  region :i3-48 

work  of 3, 4. :« 

fuiton,  waterworks  at 129, 130 


G.  Page. 

Galbraith,  I.  B.,  information  from 120 

Galesburg,  water  supply  of 130 

Galien,  wells  at  and  near Ill,  113 

GaUen  district,  weUs  In 113-114 

Gearey,  wells  in 176 

Gelston,  L.  M.,  analysis  by GO 

Genesee  County,  rainfall  in 10 

weUs  in,  water  of,  temperature  of 16 

Geneva  Township   (Van  Buren  County), 

wells  in 125 

Geography,  de.«icription  of 4-6 

Geologic  history,  outline  of 4-6 

Geologic  map  of  Michigan 8 

Geology,  account  of 4-9 

Girard,  water  supply  of 105 

Glacial  epoch,  history  of 4-6 

Glacial  lakes,  description  of 6 

Glaciers,  distribution  and  character  of 4-6 

Gladwin  (bounty,  rainfall  in 10 

wells  in,  water  of,  temperature  of 16 

Glenwood,  water  supply  of 108 

wells  at  and  near 108, 109 

Glenwood  district,  wells  in 108 

Gobleville,  water  supply  of 121 

Goguac  Lake,  water  supply  of 131 

Goodells,  water  supply  of 206 

Graatschap  area,  wells  in 165 

Grand  Haven,  rainfall  at  and  near 11 

waterworks  at 2C0-263 

water  of,  analysis  of 262-263 

wells  at,  record  of 261 

Grand  Junction,  water  suppiy  of 121 

Grand  Ledge,  waterworks  at 174 

Grand  Rapids,  waterworks  at 268-269 

wells  at  and  near 7,272-273,277 

Grand  River,  description  of 267 

drainage  of 134,139,164,235,267 

water  supply  from 260 

weUs  on 135-136, 174, 241 

location  of,  figure  showing 241 

Grand  River  Valley  district,  wells  in.  272-274,277 

Grand  Traverse  Bay,  wells  near 

Grand  Traverse  County,  rainfall  in 

wells  in,  water  of,  temperature  of 

Grandville,  plat  of,  showing  well  distribu- 
tion  

waterworks  at 

wells  at 

Grant  Township  (St.  Clair  County),  wells 


16 
10 
16 

273 
273 
273 


209 
49 
6 


G  rapK',  rainfall  at 

(Jrasmore  In^ach,  location  of 

Grass  I  ake,  water  supply  of 135 

Oratiot  County,  rainfall  in 10 

wells  in 225,227 

water  of,  tomp'rature  of 10 

Greenbush  Township  (Clinton  County), 
plats  of.  showing  well  distribu- 
tion   220,229 

weUs  in 225-'227,229,230 

(ire(»nflekl     Township     (Wayne    County), 

wells  in 77 

Greenville,  waterworks  at 250-251 

well  of,  n-cord  of 250 

water  of,  analysis  of 266 

Greenwood  Township  (St.  Clair  County'), 

wells  In 20* 
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Grogon'.  W.  M.,  infonnation  from 41 

work  of 3 

Gross«>  IsW,  wells  of 43-44, 76 

Sec  also  Swan  woll. 

Gro8s<»polnt  farms,  water  supply  of 51 

Grossepoint    Township   (Wayno  County), 

water  supply  of 5l,t>8,77 

Ground-water  table,  <lepth  of 11-12 

Groveland    Township    (Oakland   County), 

wells  of 187-188 

Gypsum,  influence  of.  on  water 14 

II. 

Hadloy,  wells  near 214. 217 

Hale,  A.  K.,  information  from 143 

Hale  Creek,  drainage  of !iS 

Hamilton,  water  su[>i)ly  of 153 

Hamtramck.  water  supply  of 53 

Hamtramck  Township   (Wayno  County), 

wells  in 65, 77 

Hanover,  water  supply  of 135 

Harrishurg.  wells  at 25{>-2t)0 

wells  at,  ivcord  of 2tK) 

Harrishurg    area,    plat    of,    .showing   well 

distrii)Ution 259 

wells  in 250-2H0 

water  of,  analysis  of 2«)6 

Harris^m  Springs,  location  of 278 

Hartford,  waterworks  at 120 

water  supply  at 121 

water  of.  analy.'«is  of 121 

Hartford  Township  (Van  Huren  County), 

wells  in 121-122 

Haslet  Park,  wells  in 175 

Hastings.  wat«'rw(Mks  at 101-102.  ir>3 

watenvorks  at.  water  of.  analysis  of . . .       102 

Head,  less  of 22-23.33-48 

Headlands,  distri'  ution  of 5 

Hickory  ("ojiut^.  w.itor  supply  of l(w< 

Highland  Park,  watrr  sup[)ly  of 5;t 

Hillianls.  walei'  sui>i»ly  (»f l'>3 

HilL-^d.il.'.  \Vi,t«T\v,.rKs.:f O'J 

Uillsdal.'C.uiity.  Ilouin-  u.-Ils  in..  9s  W,  I()0  103 

r.iinfall  in 10 

t(.lM.-r:ii)liy  <.f OS 

Viihiu'e  supplier  in 1(X) 

WMlerwotks  in •>!>  1(H) 

welN  in "s  1(U 

wafi'i  (.f.  an:ily^i->  of <><.t 

Icniperiinin-  of It, 

Ilolbnid.  wafiTWorks  at L'";!  _'•..'. 

wati-iwotks  ;it.  \\-.it«M-  of,  iin.ilysis  of.  .  .       Ji..*! 

\\t'll<  ;it.  r<-cr)td  of L'l.;, 

Holl.>\v;.\.  wcll<  at SI 

lloiloway  district. i.lat  of.^houmg  wvll  dis 

trihiition s; 

wells  of .s7-y> 

Holly,  waterworks  at '. IS)  ISl 

wells  at  and  near 177.  IS| 

record  of Isl 

water  of.  analysis  rtf \s\ 

Holt,  w.'lls  HI 17:. 

Homer,  w:itcr  sui)ply  of i:V2 

HooiM'r.  wati'r  supply  of l.*»3 

Hopkins.  wat<'r  supply  of ]Xi  ] 


P*«e. 


HopkinR  Township  (Allegan  County),  pUt 

of,  showing  well  distribution ...      \S$ 

Horton,  water  supply  of 13S 

Ilorton,  R.  E.,  work  of 3    1 

Howard  City,  waterworks  at 2S1 

wells  at 2U 

water  of,  analysis  of 2K 

Tluhbardst^n,  wells  in 239 

wells  in,  record  of 739 

Hubbardston  district,  vrv\l»  in 23&-340 

Hudson,  waterworks  at JO     ' 

Hudson     Township     (Lenawee     County),  \ 

wellin 85 

Huron  lobe,  location  of 21J 

Huron  River,  course  of 25,58- 

drainage  of J.39, 154. 176 

low  water  in,  effect  of 46 

pollution  of €0 

region  of,  geology  of 34-55 

rainfall  in 47-e 

topography  of 3i-H 

water  supplies  of 33,d5-4S 

decline  of 33,44-47 

wells  on 4K.68.138-lfi 

Huron  TowTiship  ( Waynfe  County),  ^-ella  in.      41 

Hurty,  J.  IJ.,  analysis  by 3S2 

on  Grand  Haven  water 262 


I. 


Ida  Township  (Monroe  County),  wells  in...     31 

Hllnoian  stage,  drift  of 8 

Iralay  City,  waterworks  at 214-216 

wells  at 217 

wells  at,  record  of 215 

water  of,  analyses  of , . .     215 

Imlay  Township   (Lapeer  Countj*),  wells 

in ! 214-216 

Ingham  County,  depth  to  rock  in 171 

(lowing  wells  in 136, 169-170, 174-175 

rainfall  in W 

top«>graphy  of 114- 1&^ 

waterworks  in ICS.  173-1'* 

wells  in 130,  l«{)-170, 173-1"^ 

nvord  of ^'^ 

water  of,  analyses  of 172-  *~'^ 

temi)eraturc  of 

Srr  also  Lansing. 

Insane  \sylum,  well  at 177— l*'^ 

Wf'll  at.  iccord  of ^'' 

Institutions,  Water  supplies  of 33-24 

lnt«'rme<liat»'  Lake,  wells  on J-*,!^ 

ioiiia.  wat«M\vorks  at — *^ 

Ionia  County,  flowing  wells  ii^ 235-  — 244 

rainfall  in "' 

sprinns  in 2;i^24(>-  ^♦' 

Waterworks  m 244  —  -^ 

wells  in 2;i5-244.245-  246 

records  of 2;r> -230, 238, 239, 242— 243 

water  of.  analyse^  of 244,  246 

leniiM-raturc  of 

Ionia  district,  s]»nngs  in 

wells  m 240 

records  (»f 24^' 

water  of,  analysis  of 


16 


16 
_^*24A 
244 


INDEX. 
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Pa«e 
iIa  Township   (Ionia  County),  plat  of, 

showing?  well  distribution 241 

wella  in 

^n,  presence  of 

xjuoia  Lake,  location  of 

ring,  vratPF  supply  of 

siV-pUa  County,  rainfall  in 

wells  in,  water  of,  temperature  of. . 


242 
14 
6 

163 
10 
16 


kckson.  water  supply  of 24 

wat-erworks  at 134-135 

wells  at 135-13(; 

ackson  County,  flowing  wells  in ia'>-137 

rainfall  in 10 

topography  of 133 

village  supplies  in 135 

waterworks  in 134-135 

wells  in 134-137 

water  of,  temperatures  of 16 

Jwper,  wells  at 81-82 

Jeddo,  wat^r  supply  of 208 

Jefferson,  M.  S.  W.,  on  rainfall 50 

Jerome,  wells  at 101-102 

Jones,  water  supply  of 108 

Jones\-ille,  waterworks  at 99 

waterworks  at,  water  of,  analysis  of . . .       99 
Joppa,  water  supply  of 132 


Kalamazoo,  waterworks  at 127-129 

wcUs  at  and  near 130 

water  of,  analyses  of 129 

Kalamazoo  County,  flowing  wells  in 130 

rainfallin 10 

tf>pf>graphy  of 127 

villapo  supplies  in i:iO 

waterworks  in 127 

wpUs  in 127-i:« 

water  of,  analyses  of 129 

te.rnperatun*s  of 16 

Kalamazoo  moraine,  locution  jindcharact^T 

of 119. 127. 1.S2.  HO 

*^«lamazoo  River,  drainage  of 127, 

i;n,i34.i:>2.  i()4 

woU.s  on 127.  i:n .  1.T2, 1.'.5 

Kalbiska  County,  rainfall  in 10 

wf-lls  in,  water  of,  temperature  of It, 

^thairo  wjitcr.     See  Swan  well. 

vwi^ie.  K.  C,  analyses  by l».r.. 

I7:i,  \Ki.  LM.'),  24r..  2."i2.  '2u:i 

iveplcr,  wati^r  supply-of 121 

V'Tidall,  wat«T  .supply  of llM 

'<pnt  County,  drainage  f)f 'Ji)7  2r.s 

flowing  wells  in L'70  J7fi 

rainfall  in 10 

Rprinps  in 

w.iter  power  in 

waterworks  in 

wells  in lN.s  277 

records  of 27.'. 

water  of.  unalysi*' <»f .      271 

ten>peratur'.\s  of .    .        !<• 

'•i^>>>ip.  wat«T  supply  of 121 

'i^hjilK  water  supply  of ^Os 


217 

2t..S 

r  270 


Page: 
Kimball  Township  (St.  Clair  County),  wells 

in 211-212 

Kindurhook,  water  supply  of 105 

Kings  Mill,  wat^r  supply  of 217 

Klingers  Lake,  water  supply  at 105-106 

water  supply  at,  water  of,  analysis  of . .      106 

L. 

Lacota,  water  supply  of 121 

Laingsburg,  wells  in 175 

Lake  Border  moraine,  location  of 119 

Lake  County,  rainfall  in 10 

wells  in,  water  of,  temperature  of 16 

Ivuke  Odessa,  waterworks  at 244-245 

Lakes,  occurrence  of 5 

water  supply  from . : 24 

Lakes,  Glacial,  description  of 6, 8 

Lane,  A.  C,  on  Kent  County  .salt  wells 277 

on  Lansing  and  vicinity 170-175 

on  rainfall 50 

work  of 1, 3, 14, 33. 133 

Lansing,  vicinity  of,  drift  in 171-172 

vicinity  of,  flowing  wells  of 174-175 

geology  of 170-172 

water  supply  of 170-175 

water  supply  of 24 

waterworks  of 173-174 

weUs  at 173-176 

water  of,  analyses  of 172-173 

Lansing  Township  (Ingham  County),  wells 

in 175 

Lapoer,  waterworks  at 216-217 

wells  at 214 

Lapeer  County,  flowing  wells  in 218-225 

rainfall  in 10 

topography  of 21.V214 

village  supplies  in 217 

waterworks  in 214-217 

wells  in 214-225 

record  of 215 

water  of,  analy.ses  of 215 

temp(>ratures  of 16 

La.salle  Township  (Monroe  County),  wells 

in 32 

Latitude.  innuenc<«  of,  on  temperature  of 

underground  water l'> 

Lawn-ncc,  waterworks  at 120, 121 

Lawtoii,  water  supply  of 121 

wells  nea  r 1 23 

\ah\  \\i\U'.  supply  of ly.i 

l^'claiiaw  Coiiiity,  rainfall  in 10 

wells  in.  water  in,  temrxTatiire  of l»i 

L«'^Msl:ition.  diameter  and  text  ()f 21-22 

I><nKlitoii,  .M.  (>..  .MTialyses  funiishcl  l>y (IK, 

(H».KS.'i2  H;i.  ll-.J-KK).  104.  Km  107.  121, 
122  12:5.  I2<».  M»i.  147.  i:.l.  I.V..  Hi),  178, 
isi .  19H.  I'Ki.  LfHi.  20S,  21.',.  24;{-  244.  2tK') 
I>"ighton  Township  (Allegan  County i,  plat 

of.  showing  well  distribution...       l.')6 
l>4'H;iwre  County,  llowiiig  W(»IK  in....  2N.  7S.  k2-9,S 

location  (»f 7K 

map  of 2S 

rainfall  in 10 

to[)ograpliy  of 7S 

vill.ige  su|>plies  in S0-S2 
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Lt»nawi!0  County,  waterworks  In 7t>-80  i 

woUsln 7,78,8SMW  I 

wattir  in,  analyses  of 79,88  j 

tomperature  of 16 

Ix'nox.  waterworks  at 198 

waterworks  at,  water  of,  analyses  of.. .      198 

liOonard,  wator  supply  of 183 

Leslie,  wells  at 136,109-170 

wells  at,  water  of,  analyses  of 170 

Ix'slie  distriet,  wells  in 169-170 

Leven»tt,  Frank,  Infonnation  from 41. 

114,123,125 

introduction  by 1-24 

on  Allegan  County 152-lGO 

on  Harry  County 160-164 

on  Ik?rri<»n  County 110-118 

on  FJranch  County 104-lOf) 

on  Calhoun  County 131-133 

on  Cass  County 108-110 

on  Euton  County 164-16.'i 

on  Hillsdale  Count y 98-10:i 

on  Ingham  County 164-165 

on  Jackson  County 133-137 

on  Kiilaniazoo  County 127-130 

on  Lui^tvr  County 213-225 

on  U^nawec  ('ounty 78-98 

on  Maconil)  County 19(>-205 

on  MonrtK*  County 25-32 

on  Oakland  County 176-196 

on  St.  Cluir  County 205-213 

on  St.  JosM'ph  County 105-107 

<m  Troy  district 188-194 

on  Van  Btia-n  County 119-126 

on  Washtenaw  County 138^-lfiO 

»>n  Willow  wells 36 

work  of 3,26,;« 

Tx^wi.s,  S.  .r.,  analyses  l>y tis, (",9, 

SS,  <¥.\  KKI.  104,  lOti.  107.  121.  123,  12f>. 
14«;,  147,  l.-)!.  15;%  HO,  17S,  17^>.  IM. 
l«»l  -V.y2.  l'.»S.  IW.  2W5. 20S,  215. 244, 2«»5 

work  of 3. 14,  S2 

Limestone,  water  from 7 

Lit<"hrn'ld.  water  suj)nly  of lOO 

LivinKf*t<'n  County,  rainfall  in 10 

wells  in 175 

water  of.  temi)eraturv  of id 

Livonia  Townshij)  (Wayne  County j.sprinjis 

in a^ 

wells  in 70, 77 

L<xrkport  Townsliii)  l^J-  J'>«?ph  County). 

woll>  in 10) 

London  Township  (Monnn^  Coinity'>,  wells 

of 2S.2«» 

Long  Lake,  wells  near 1(K» 

Lowell,  waterworks  at 27t). 274 

w<'Ils  at 1>74 

Lnm.  wells  near 214,217, 2KS 

Lycms,  waterw»>rks  at 245 


M. 


McLouth,  C.  D..  work  of 3 

Macomh  County,  flowing  wells  in 197,201-20.'> 

rainfall  in 10 

topography  of 19(»-197 


I 
Maoomb  County,  villagB  supplies  in 

waterworks  in W 

wollsln l«,192,iS 

water  of,  tempersturBs  of 

Macon  River,  course  of 

Macon  Township  (Lenawee  County),  map 
of 

wells  of 83, 

Manchester,  water  supply  of 

wells  in l3B,iu 

water  of,  analysis  of 

Manchester  district,  wells  in 15 

Manlsteo  County,  rainfall  in 

wells  In,  water  of,  temperature  of 

Map  of  Michigan,  showing  area  reported  on 

showing  ground-water  temperatures . . . 

See  aUo  Artesian  map;  Geologic  map. 

Maplegrove,  water  supply  of 

Maple  Rapids,  wells  at  and  near 

wells  at  and  near,  record  of 

Maple  Rapids  district,  wells  in 

Maple  River,  water  supply  from 

Marocllus,  water  supply  of 

waterworks  at 

wells  near 

Marengo,  water  supply  of T 

Marine  City,  wa  terworks  at 2tB 

Marlette  moraine,  location  and  character 

of 2» 

Marls,  water  from 

Marshall,  waterworks  at 

Marshall  sandstones,  occurrence  of 133, 

wator  from 7,131,216-217, 

Martin,  water  supply  of 

Marysvlllo.  water  supply  of 

Mason,  waterworks  at 

wel  I  s  a  t 

Mason  County,  rainfall  In 

wells  in,  water  of,  temperature  of 

Mattawan,  water  supply  of 

Maumee,  Lake,  location  and  history  oL....  6,: 
Mwosta  County,  rainfall  in ...  ^ 

wells  in,  water  of,  temperature  of 

Me<lina,  well  in 

Meridian,  wells  in 

Meridian    Township     (Ingham    County), 

depth  to  rock  in 

MeUimora,  water  supply  of 

Michigan,  Lake,  water  supply  from 

water  table  near 

Middleville,  water  supply  of 

Midland  County,  rainfall  in 

wells  of.  water  of,  temperature  of 

Milan,  water  suj^ply  of 139-140, 

wat<'r  supply  of,  analyses  of 

wells  in 

Milan -Ctnie  district,  mnj)  of 

wells  in Z 

Milan  Township  (Monroe  County),  map  of. 

w<'l!s  of 21 

Milford.  wattMworks  at 178 

waterworks  at,  water  of,  analysis  of... 

Mill  Creek  (Kent  Comity),  springs  on 

Mill  Creek  (St.  Clair  Count.v),  drainage  of.. 

Millctts,  wells  at 

Missiiuk(%  County,  rainfall  in 

wells  of,  water  of,  temperature  of 
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Puge. 

,  water  supply  of 153 

ion  Crpek,  dralxuge  of 58 

.non  Township   (Wayno  County), 

wells  in 65,70 

,  wells  at  and  near 32 

beds,  oocurrpnce  of 35, 73 

County,  artesian  belts  in. 25 

flowing  weUs  in 25-32 

location  of 25  I 

Biap  oL 28  I 

rminiallin 10  ' 

Sylvania  sandstone  in,  water  in 75  , 

topography  of 25  j 

wells  in 7,25-32  . 

water  of 33  I 

temperature  of 16  . 

Montcalm  County,  flowing  wells  in 246-249  I 

rainfallin. 10 

springs  in 254  I 

waterworks  in 240-253  i 

wells  in 239,246-523  j 

iwordsof. 249,250  ' 

water  of,  analyses  of 252, 253, 267  ; 

temperature  of 16  j 

Monterey  Township  (Allegan  County),  plat  ; 

of,  showing  well  distribution ...      156  | 

Moraines,  character  and  distribution  of 4-6  • 

Moieoci,  plat  of,  showing  well  distribution.       92  | 
water  supply  of 80  i 


-r    I 


L        wellsat 82,91-93 

water  of,  analysis  of. 93 

Morgan,  water  supply  of 163 

Morrice,  wells  In 175 

Moscow  Township  (Ilillsdale  County),  well  j 

in 102 

Mosbervilie,  water  supply  of 100 

Mount  Clemens,  waterworks  at 197-HW  i 

welLs  at  and  near 197,198,204  ^ 

Muir,  waterworks  at 245 

Municipal  water  supplies,  statistics  of 23-24 

Mitfkegon  River,  soun.'e  and  course  of 5  , 

N.  I 

•Vankin  Township  (Wayne  County),  wells  in  Wi,  77 

^"apoleon,  water  supply  of 135 

'Vashville,  waterworks  at UVI,  ic^i  , 

\>lU8t.  J.  F.,  work  of 3 

Newaygo  County,  rainfall  in 10 

wells  in,  water  of,  analysis  of 2«.ti 

water  of,  temperature  of Ii> 

New  Baltimore,  waterworks  at 19H 

New  Buffalo,  water  supply  of ll.'i,  11 4 

New  Buffalo  district,  wells  in 114 

Newburg,  water  supply  of HXS 

New  Haven,  wells  at  and  near 1S3, 2()4 

Newport  quarrj-,  effect  of,  on  wells 4r. 

New  Richmond,  water  supply  of l.vi 

New  Troy,  water  supply  of I  i;i 

Niles,  waterworks  of 111-112.113  , 

Nipissing,  I^ke  and  beach,  location  of t\ 

North  Adams,  water  supply  of KX) 

North  Branch,  wells  near 214,217 

North  Branch  Township  (Lap<x'r  County), 
plat  of,  showing  well  distribu- 
tion.        220 

wells  in 2*20-221 


Page. 

North  Macon  Creek,  wells  on 86 

North   Plains  Township   (Ionia  County), 

spring  in- 239-240 

wells  in 239 

North  Steel  station,  wells  near 210-211 

Northville,  fish  hatchery  at,  springs  at 71 

fish  hatchery  at,  springs  at,  view  of 44 

water  supply  of 71-72 

NorthvlUe    Township    (Wayne    County), 

lake  in 51 

springs  in. 71 

Norvell,  water  supply  of 135 

wells  near 136 

5««  also  Brooklyn— ('larks  Lake— Nor- 
veU  district. 
Novl,  water  supply  of 183 

O. 

Oakland  County,  flowing  wells  in 176, 183-196 

rainfall  in. 10 

topography  of 176 

village  supplies  in 183 

waterworks  in 177-183 

wells  in 17«;- 177 

records  of 177, 181 

water  of,  analyses  of 178, 

179, 181, 182, 18J,  186, 192 

temperature  of 16 

Oceana  County,  rainfall  in 10 

wells  in,  water  of,  temperature  of 16 

Ogden  Center,  wells  at  and  near. 89 

Ogden  Township  (Lenawee  County)    plat 

of,  showing  well  distribution ...        90 

wells  in 89-91 

Ogemaw  County,  rainfall  In 10 

wells  in,  water  of,  toni[:erntun>  of Hi 

Ohio  Comers,  water  supply  of l.xi 

Okemos,  wells  in 17.'> 

Oneida  Township  (Eaton  County),  depth 

to  rock  in 172 

Onondaga,  wells  at lit] 

Ousted,  water  supply  at 81 

Orangoville,  water  supply  of 1«)3 

Orchard  Lake,  water  supply  of IKi 

Orion,  depth  to  rock  at 177 

Ortonville,  plat  of,  showing  well  distribu- 
tion        1K5 

8e<-ti()n  at,  figun'  showing 1K4 

wells  at 1S4- 1^7 

water  of,  analysis  of lS<i 

Ortonville  district,  wells  (^f 1S4  is; 

Osceola  County,  elevat  ions  in r> 

rainfall  in 10 

wells  in.  water  of.  t«'inperalun.^  of P. 

( )slitenu),  wuterworks  at 120,  ]:«) 

Otsego,  walt'rworks  at Vui 

Set  ni^o  Watson-  ()tM»go  distrut. 

Otsego  County,  rainfall  in 10 

wells  in.  wat»*r  of,  teniprTaliire  of pi 

Otsego  Township  (Allegan  County),  plat  of, 

showing  well  di.strihution l.')4 

wi'lls  in 1,'>4 

Otsico  Township  ( lonia  County; .  wells  in.  23."»  2,{7 

Ottawa  County,  flowing  wrlls  in 2.")1  2<lO 

rainfall  in 10 

topography  of 254 
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Page,  j  Pa 

Ottawa  County,  watorworka  in • 2t;(>-266  Points,  well,  use  of 

wells  In 7,254-266  '  Pokagon  Township  (Cass  County),  wells  in 

nTonls  of 255-  i  Polglaso,  W.  A.,  information  from 

256, 2:)7. 2,')S-259, 2r.0, 261 ,  263, 265  j  Ponco  do  Leon  water,  anal y sis  of 


water  of,  nnulyses  of 2<'2-263,2t>5,266 

tenii>erttturp  of 10 

OttcT  Lake,  water  supply  of 217 

Ovi<i.  waterworks  at 233 

waterworks  at,  water  of.  analysis  of . . .      266 
(>vi(i  ToA^niship  (Clinton  County),  wells  in.      "230 

Ovit/.  F.  K..  analysis  by 44 

()\f(»r<l,  ground-water  conditions  at.  f:giire9 

showing 17«>,  ISO 

water  snpi)ly  of lS.i 

dangerous  eharaeter  of 179-180 

walenvorks  at 17H-1H0 

water  of.  analysis  of 17«.» 

Oxford  Township  (Oakland  County),  wells 

in 178-lSO 

V. 

Pulniyrai  Township  ( l^'nawiv  County).  j)lat 

of.  showing  well  (list  rihut  ion ...        87 

wells  in 89 

Pantlands  SjjHngs.  hu  at  ion  <^f 277 

Paris  Township  (Kent  Count yi.  springs  in.      277 

wells  at 271 

analysis  of 271 

Parma,  water  snj)i)ly  of 13,*; 

Partello.  water  siip]>ly  of l.TJ 

Pawpaw,  waterworivs  at 1  JO.  121, 122 

wells  at  an.l  ne.-ir 122-12;i 

water  of.  analysis  of 123 

Pawi)aw  T^;ike.  wells  on lis 

l'!i\spaw  Kiver,  location  of 119 

wells  on 121-122 

Pjiwpaw  Town^liip  ;Van    Muren  Coimtyi. 

w-Hv  in 122-12;{ 

T'eiu..  water -^Mpi'ly  ci'  ICS 

r.-rry.  N\.li^  \v. 17:. 

I'iT.e  Ci.  .'k.  w.ils  .Ml 122.  IL'6 

I'Mi''  ^irovi-  i'i.\\  !i<liii»  '  Win  Iliinii  ("i>in:ty\ 

w.:N  ii! 12(. 

r.!i.'  Lake.  \\(  ;|v  on s 

Tii:.'  Kiv.T.  .irainai:.'..! 20:. 

J'ii».  >l<.ne<!istri<'1.  pi, it  cf.  ^howin-  w.'ll  dis- 

tril'iiri(.!i li:. 

w.lls  in Ill  n: 

rijM'.<tone      Township     i  r.'Trii  m     Counly:, 
]»lat    of.   sliowin;:  \\r|l   di>fril.ii- 

tion 11- 

\\el]>  in 111.  Ill   117 

ri;t-liel<i.  wat'T  supj.ly  of lod 

rittsfii-ld    Town-^iiip  '  \\  iisi.li-nau  Comity  i, 

w.  ll>  in 1-1^ 

Titt>li<-l.l  .hinetion  (ii^^trict.  wt-lls  of 117-I-i?> 

IMainw.ll.  waterworks  at l.'..'i 

I'lyinMnth.  niiiKTal  water  ;;l (KV-CT 

mineral  \\ater  .-it,  aiuilxsisof c: 

water  .^iijiply  of 71-72 

J'lymonth  llock  mineral  water,  .analysis  of.        (,7 

souree  of ('A't-{\7 

Plymouth     'ro\\nshi|>     (Wayne     County  >, 

.springs  in 71 

wellsin 70,77 


Pontlac,  depth  to  rock  at 

water  supply  of irr 

well  at,  record  of 

Population,  estimates  of 4. 'J 

Portjige,  water  supply  of 

Portage  Creek,  wells  on 

Port  Iluron,  rainfall  at  and  near 

water\\'ork9  at 205 

Port  Huron  moraine,  location  of 

Portland,  wat*»r  at,  analysis  of 

water\iork8  at 245 

Prairieville,  water  supply  of 

Precipitation,  records  of I 

Prescott,  A.  B.,  analysis  by 

Presque  Isle  County,  rainfall  in 

wells  in,  water  of,  temp<'ratupe  of 

Pulaski,  water  supply  of 


Qulncy,  waterworks  at 

waterworks  at,  water  of,  analysis  of., 
wells  at 

R. 

Rabbit  River,  wells  on 

Rainfall,  effect  of,  on  wells 4 

rxK'ords  of lO-l 

Raisin  Center,  wells  at 

Itflisin  River,  conrse  of 2? 

drainage  of 

water  supply  from 79 

wells  on 

Raisin  Township  (Lenawee  County),  plat 
of.  showing  well  distribution.. 

wells  in 

Raisinville    Township    (Monroe    County), 

wells  in 

Ransom     Township     (Hillsdale     (^ounty>, 
plat  of.  showing  well  di.strihu- 

tion 1 

welNin W,l 

H.ittl.'  Klin,  wells  <m 2 

Hay    r<«\\nship   (Wayne  Countyi.  i>lat  of. 

::liowing  well  distribution ^ 

well'^  in i 

Ivi'.i'ling,  w.itt-rworks  at V^' 

well  ;  near 

wat(  r  of.  analysis  of 

K.  (ifonl    rown.>}iip  'Wayne  Countyi,  wells 


lii  hlan-l.  water  siii>ply  of 

Kielimond.  waterworks  .-it 

w.iferwdrivs  .'t,  water  of.  analysis  of... 

Hieh    rown^hii>     l.apeer  County),  plat  of, 

sliowinj:  well  »listribution 

we[l>  in 221- 

Ritlgeway.  wells  .it 

Ridgew.iy  Town- hip  '  l.enawee  County\ 
jil.it  of,  shiuving  well  distribu- 
tion  

River  Rotige,  de.scription  (»f 
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pNer  Rouge,  dniinagn  of 139, 17(1 

wsLter  of.  analysin  of Tift-tX) 

'  pollution  of .'i8-€0 

vater  supply  froni o3 

wells  on 1K» 

klveri.  course  of .') 

snpply  of 9  i 

water  supply  from '-*4  ■ 

S«  a/*o  Topc^raphy. 

Ilvrrside,  water  supply  of 113 

tlrrr  Junction,  wutor  supply  of KW 

ftoehe9ter,  pLit  of.  showing  v.rll  diHtribu- 

tlou ly.')  i 

waU-ruorks  at 182-182, 183  ! 

waterworks  at.  wat«»r  of,  analyfllii  of. . .      183  i 

wells  in 195  ' 

lock,  water  fn.ni 25 

lockfoni,  waterworks^t 270  1 

lockwtxxl  region,  wolls  of 41-42, 44  I 

ftoUin,  wells  at  and  neur 9.'i  | 

Kollin  Township,  plat  of.  sho\»ing  w<*ll  din-  \ 

trl'ution 94 

wells  in 94-9.") 

Rocne  Township  (l^'nawc-e  County.  wWls 

in 98 

Romeo,  watenvorks  i;  t 199 

waterworks  ut,  wator  of,  aiuilysls  of 199 

Bcnniilus  Township  (Wayno  County,  wa- 
ter snpply  »»f ji.') 

wells  in 77  | 

.  Roscommon  County,  rainfall  in 10 

wells  In,  water  of.  toniporaturp  <»f 10 

'  Bow  Center,  watrr  supply  of 183  ■ 

200,2r,3  i 


ilepth 


EowvUli*.  wells  at  and  ne.-.r 

Bougv  Kivor.    .S^r  Kivrr  Kou;^'-. 
Boxana  Township  (  Katon  County) 

to  ro<'k  ill 172 

welU  in l(iif»,  17.". 

loyal  Oak.  <h'pth  to  ro«k  sjt 177 

yraU'T  snpply  of I,s3 

Hoval  Oak  Township   i  Oakland  County), 

Wf^lls  in iss.  VM 

Rash  Ukf.  well  n«'ar IL'l 

RowfU.  I.  C.  on  Ann  Arbor  wat«'rworks.   .       143 
RuwU,  T..  on  Michigan  wtath»'r 11 


S«ginaw,Lak»s  location  of 

,, 

Siginaw  Bay,  wells  at  un<l  near.  IhmkI  in .. . . 

■2:>. 

S'ginaw  Count  v.  rainfall  in . .    . 

in 

*«'lls  in.  water  of,  temperature  of 

It. 

Siginaw  IoIm^  «les<riptionarMl  locjition  «.f . 

1  ."p. 

bll.lMt.  17. 

■'.-'1. 

^tCkir.  wat«'rworks  at j"- 

,    -Jis 

SlHAir.  Lake,  charaeter  of 

.-._• 

shon*  of.  wells  on jt  i. 

■ililization  of 

-  ■ 

'fatcr  supply  from 

J'.s 

'♦•ILs  on 

7 

^^ n»ir  Count y .  llowing  well.**  in _■»■' 

'  Ji;; 

'.•xation  of 

fainfallin 

I'l 

topography  of 

j--r, 

^^e  supplies  in 

2^) 

Page. 

St.  Clair  County,  waterworks  in 2()')-208 

wells  in 204.2a'>-213 

retonls  of 207 

water  of,  analys<>s  of 2<M),  308 

teniperatun»  of 10 

St.  Clair  Uiver,  contamination  of .'>C 

wells  on 7 

St.  Johns,  waterworks  at 233-234 

wells  at.  riHord  of 234 

water  of,  analysis  of 234 

St.  Johns  district,  wells  in 228-230 

water  of,  analy.sis  of 206 

St.  Jo.s«^ph,  waterworks  at 112, 113 

St.  Joseph  County,  flowing  wells  in 10,'>-106 

rainfall  in 10 

topography  of 10,5 

waterworks  in 100-107 

wells  in iavi07 

water  of.  analy.s«s  of 10«i,  107 

tenip«>rature  of 16 

St.  Jos«^ph  River,  drainage  of 110,127 

wells  on 112 

Saline,  wat«»r  supply  of i:i9, 1-17 

Saline  Uiver,  course  of 25 

water  supply  from 1,"^ 

Saline  Township  (Monro**  County;,  nuip  of.        28 

wells  of 8.5. 80 

Salts,  pD'sence  of 11 

Sand.  o<vurrence  of -^  > 

textun'  of i) 

relation  of  water  supply  ami 9 

water  from '2't 

Sand  Cn'«»k,  wells  near 91 

Sand  Lake,  wells  at 27.5-270 

wells  at.  records  of 275 

Sand  riains.  (H-currence  (»f 5 

Samistone.  water  from 7 

Sanilae  County,  rainfall  in 10 

wells  in '^¥^ 

water  of,  tem|MT.ilu:i' of u\ 

Saupat lick,  \\ater  supply  of 153 

Sawyer,  watiT  supply  of Hi 

Schoolcraft,  water  supfily  of l.'.i) 

Sihool  CnH'k.  welj.s  on iK't-l.  4 

Sli.ift*<l'urg.  wells  in 1', 

Sh.iron     Township    i  Wn.shtmaw    ('<»unty). 
|.l.it   of.  shouinp  w.'ll  .li.strihu- 

lion 1  ii 

w.-IIn  in 11«.»-1..) 

S}ie|l>yvill.".  uat.T  supply  of 1.  { 

.'^Inpanisville.  wril  near.  r«cor<l  of 2.  <i 

Slicpard-N  illi- 'list  rid  .  \v.  IN  !!■ .  .  .  ...       J.a) 

."-^IXTWUO.J.    W.  11>  ;i|    iMl'l    H'  .If.  .  ..     KM.H". 

.<li.r/.r.  W.  II  .  ihfnnnatioi:  fr<».ii  :  '. 

'>n  Huron  lii\  .r  r.-jio-, .  ii-    ,', 

on  M<.nr(M'  C.Mnty  v..  I!-  .         W 

on  \\  ;.\  n<-  (  oin.t\    .  ts  7" 

\\ork  oi.            .    .  .;  _>i.  ;,{ 

SI;  ;,\\;, ->.-.•  ('oiiiM)  .  r-ii'.f.il"  IP  in 

\\"!N  u:    ..           ....  17.-. 

u.ii«r  of.  t.  jn|K-r:it  nif  o|        .  .  i», 

>•,:..  vv    >--.  ■•  !u\  I  I ,  ■Ira::,.:'--  of  ...                I7t, 

.•^..  '.v:.-.  .\!arv.  iiiiorniatioii  from .Ht) 

.<ih'r  CP'.-k.  \\.-l|s  mar 214 
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Pa»e,     I 
Silver    Crook    Township    (Caw    County),  \ 

wellsin 109  1 

SilvcTwood,  water  supply  of 217, 224  ! 

Silverwoo<l  district,  plat  of,  showing  well  1 

distribution 222  j 

wells  in 221-224  j 

Smiths  Cnvk,  wolls  at  and  near..  205.208.211-212  i 

Soils,  buried,  occurronco  of 8  | 

Soldiers  1 1  onie.  waterworks  at 270  . 

South  Arm,  wells  at 8  [ 

South  Blaek  Uiver.  drainage  of 119  , 

Southfleld,  water  supply  of 183 

SouthneUl    Township    (Oakland   County), 

wellsin 188-189,191,194  < 

South  Haven,  waterworks  Ht 120-121  ', 

South  Lyon,  water  supply  of 183  i 

Sparta,  waterworks  at 270  j 

wellsat 271   i 

Si)ring  Arbor,  water  supply  of 135  ' 

Springport,  water  supply  of 135 

Springwells   Township    (Wayne   County), 

wells  in fi7, 70, 76  , 

Stanton,  water  at,  analysi^s  of 252,25:{  ' 

watvr\\  (jrks  at 252-253 

State  Industrial  Home  for  Ciirls,  water  sup- 
ply for : 80  ' 

Steen^  eelery  farm,  wells  at 138, 147-148 

wells  :it .  analysis  of 149 

Sterling  Township  (M»K*omb County), wells 

in 188.192,203 

StevensviUe,  water  su|)ply  of 113 

Stone  Lake,  water  from 1 10 

Stony  Creek,  cours<»  of 25 

Streams.    Srr  Rivers. 

Sturgis.  water  supply  at 107 

water  of.  analysis  of 107 

Sulphur.  presfTiee  of l4,'2!>-2i\ 

SinnnicrfH'ld    Township  (Monnx*  Coimty>, 

wi'lls  in 31 

Sunlirlil .  wi'Us  at 175 

Swan.  .Tann'S.  information  from 33 

Swan  (*n*«'k.  <.*()iir?*i'  of 25 

Wflls  (.11  an.i  near ;«. ;»8-4(), 44 

Swan  Will.  dt's(?riplion  of 43-44.74 

rir«rts  of 4r>-4G 

hist .iry  of 4:M4 

view  of 44 

watiT  from,  analysis  <.f 44 

Sycam«>re  (.rt-'-k.  w<'ll.s  on 175 

Sylvania  NandstoiH*.  (H-curnmeo  of ;to.73 

wat<'r  from 7, ;«,  4 1. 7r> 

T. 

Taylor,  E.  IJ.,  on  Michigan  Soldiers'  Home 

wat'-r 270 

Taylor  Ti.wnship  (Wjiyne  County,  wrlls 

in 07,70 

TceuniM'h,  wat«Tw«»rks  of 80 

w .  lis  near 7J<, SO 

Tekonsha ,  water  supply  of 132 

TemixTatun'suf  w«.'ll  walfr.map  showing...        17 

H'eordsof 14-20,  «>8 

Thornapph'  Hiver.  de.seription  of 2ti7-2(»8 

<Irainagi"  of 1«»4 

Thomas,  wnt«'r  supply  of 183 

Three  Oaks,  waU-rworks  at 112, 113 


Three  Riven,  water  supply  at 105,106- 

water  supply  at,  trater  of,  analysis  of. . . 

Tiflln  River,  dnlnage  oL 

wells  on 91 

Tipton,  wells  In 

Tipton  district,  plat  showing  well  distribu- 
tion  

wellsin 95 

Topography,  outline  of 

See  aUo  ^particular  counltea. 

Traverse  City,  wells  at 

Troy  district,  flowing  weUs  in 

Trenching,  advantage  of,  in  obtaining  flow, 

flgureshowing i 

Trenton,  water  supply  of. 54,55^ 

Trowbridge  Station,  wells  at 1 

Troy ,  water  supply  of 1 

Troy  district,  drift  of , I 

plat  of ,  showing  topography I 

section  of,  figure  showing U 

^•ellsin l»-ll 

water  of,  analysis  of 1! 

Troy  Township  (Oakland  County),  wells 

in 188,191,lfl2-lJ 

Tubular  wolls,  description  of 1 

Tuscola  County,  rainfall  in 1 

^-ellsin 232f22 

water  of ,  temperature  of 1 

Typhoid  fever,  occurrence  of 24,5ft-57,8 

V. 

Udden,  J.  A.,  analyses  by 18 

infonnation  from 113-11^ 

120,122,123,125^152,30 

on  Avon  Township 1»-15 

on  Birmingham  wells H 

on  Rochester  wells 182-lJ 

on  Troy  district l»-li 

work  of...  2,3,79,82,88,91,94,100,102,116,11 
122,  125,  130,  137,  155, 176,  202, 9 

Union  City,  waterworks  at 1' 

wells  near 1 

Utica,  wellsat 200,209-^ 

Utleaanni,  wellsin 202^ 

V. 

Valparaiso  moniim'.  location  and  character 

of 111,113,119, 

Van  Bun?n  County  flowing  wolls  in 121^ 

rai  nf  a  11  i  n 

springs  of 

topography  of 

vilbipi'  suppli<'s  in 

waterworks  in 12(>-. 

wi»lls  in 120-. 

water  of,  analysis  of 

temyM'rature  of 

Van    Uun»n   Township   (Wayne   County), 

water  supply  of 65,66^ 

wells  in 70,76^ 

Vandalia .  wat«'r  nupply  of 1 

Vaiighan.  V.  ('..  analysis  by 1 

on  typhoid  f<'ver 57, 

work  of 

Vermont vllle,  wells  at I 

Vevay  Town.ship  (Ingham  County),  wells 

in : 
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i^sbuTg,  waterworks  at 129, 130 

Ictor  Township  (Clinton  County),  depth 

torockin 172 

lOa^e  supplies.    See  particular  ctmnties. 

Ineland,  water  supply  of 113 

"tacosity  Oil  Company,  analysis  ])y 102 

W. 

ITadhams,  water  supply  of 2O8 

if akek?f! ,  WHttor  supply  of J08 

W^Altknfritirg,  wHU  at.  200 

Wildhon,  Wilt* r  supply  of 100 

iTnUftl  Lut'^ ,  wrttt*r  supply  of 183 

Warren,  wells  at 200 

Wanen  Lake,  location  of. 6, 25, 211 

WpiihsEiijtCD  weUAut 200 

WiAjn^oii-Ray  district  p  piat  of,  showing 

well  distribution 201 

veils  in 202 

WMhington  Township  (Gratiot  County), 
plat  of,  showing  well  distribu- 
tion       226. 

**^in 225,227 

WMhington  Townstiip  (Macomb  County), 
plat  of,  showing  well  distribu- 
tion       201 

well*  in 202 

WMhtenaw  County,  flowing  wells  in 128, 

138,140-141,147 

8"  in 140 

rainfall  In 10 

•Pringsln 139 

topography  of 138 

TUJsge  supplies  in 146-147 

waterworks  in 140, 142-146 

*^^in 7,138-1.')1 

record  of 145 

water  of,  analyses  of H6 

144,146,147,149.151 

temperature  of 10, 14S,  149 

^Mte,  rest  fiction  of  13.21-ir2 

^»ter,iii]defigft!mnd  occurreDra  of 7-8 

qyaUtyof  14 

tempemtunps  of,  14-2() 

map  thn wing  17 

'^iipf-t^ring  formations,  <ll«tribiitinii  of.      7-8 

djirnbutionof  TdAp  siiowing 0 

^mti'i-lord  water  supply  Qf  ih,J 

J^«tertoo,  wiiU'f  anonly  oi 13,3 

f'ater\liet,  wells  at  and  near 111.113 

'^aterrUet  Township  (Berrien  County., 
plat  of,  showing  well  distribu- 
tion       nj< 

wells  in 117-1  IS 

~aterwork»,  statistics  of 2"i-24 

See  al90  particular  counties. 

"atson,  water  supply  of I'^i 

wells  at  and  near I '^'M.w 

•Tatson-Otsego  district,  plat  of,  showing 

weU  distribution \:a 

*«Us  in - Io-MTm 

water  of,  analysis  of i.v, 

Nation  Ininishii^'tAijogjin  County  ,  i)liii 

of,  showing  woll  distribution.   .       1.34 

*^"»ln l.>»-l.>,'i 

water  of,  analysis  of \'^ 


Pago. 

Waverly,  wells  near 124 

Waveriy  Township  (Van  Burcn  County) , 
plat  of,  showing  well  distribu- 
tion         123 

wells  in 123-124 

Wayland,  water  supply  of 153 

wells  lit  and  neiir  7 

Wayland  fllstrlct  JociiMi^ri  of 154 

plat  of.  showing  well  dlstril)ution 166 

^^lAsof 165-lGO 

records  of 158-159 

water  of,  analysis  of I6O 

Wayland  Township  (Allegan  County) ,  plat 

of,  showing  well  distribution ...      156 

Wayne,  water  supply  of 63 

WJiU'  r  supply  €  J  f ,  aniily  si  ft  of 69 

Wayne  County  nrttfflian  i>ens  in 67 

Ijedrorkin  chanuHPirof 73 

water  of 73.77 

analyses  of 68 

flowing  wells  in 67-70, 73-74 

geology  of 73 

Glacial  deposits  in,  character  of 64-65 

water  of 65-72 

analyses  of 68 

ground  water  in 60-77 

I   64 

lake  and  river  deposits  in,  character  of.  60-61 

wttU'r  of 61-64 

lakes  in 51 

location  of 48 

mineral  water  in 66-67 

population  of 48 

rainfall  In 10, 49-50 

reservoirs  in 50-51 

spri ngs  in 03, 71-72, 74 

St nmnis  in 52-60 

surfjice  waters  of 50-00 

anfllyws  of r^^\^  r^^  59^ oo 

topography  of 58, 0O-6I 

water  of,  contamination  of 55-58 

wuttTworks  in .-,1 .  ."i^-So.  59.  GO 

woUs  in 7,  til,  J)5-70, 73-77 

wutor  of 33 

armlysrs  of J>s,  69, 70, 75 

contuniination  «)f 02 

t»MniK'ratiiro  nf 10 

Wayne   Connly    Infirmary,   water   .siipi)ly 

'»f :>9,  »i,3-r»4 

water  iJiipi)ly  of.  analysis  of <.»4, 75 

Weath'T  Hureau,  I'niteil  Statt-s,  reeonlsof.  10-11 

WeblHTville,  wells  in 175 

Wei\<*aw  Township  (  Merrien  County-,  wi'Us 

in 114 

Well  points,  use  of 13 

Wolls,  boring  of.  inetho^ls  of 237 

descriptions  of 12-13 

How  from,  obtained  by  trenching,  figure 

^>tii  -u-  ii  iL'             229 

water  iif   (I'liif^irMtiirp' of itj.tw 

map  showing 17 

water  supply  from •_)4 

.SV,'  also  /Hjrtiiulnr  lotahtint. 

Wells,  (lowing,  ohnraoter  of 9  22 

(lef<'<'ts  in 23 

districts  of 22 

head  of 22-23 
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ells,  flowing,  occurrence  of 8 

use  of 22 

waste  from 13, 21-22 

water  supply  from 24 

See  alao  i>artUular  localities. 

est  Holt,  wells  ut 175 

eston.  wells  at 80,82 

cxford  County ,  rainfall  in 10 

wells  in .  water  of.  U»mperature  of 16 

heatlnnd  Township,  well  in 102 

hite  Fish  Lake,  well  at 248-249 

well  at.  nvord  of 249 

hitefonl    Township    CMonroe    County), 

wells  in 'M. 

hitneyville  Springs,  Iwation  of 278 

hittlesoy  Lake,  lix.'alion  of (i,25,rw 

illiams.  U.  S,.  on  river  contamination 5<>-r)7 

iliiamsl)urg.  wells  at 10 

illianiston.  wells  in 175 

illow,  wells  at  and  near 3«) 

illow-Exeter  region,  wells  of liV.'ftt,  44 

inchell,  A.,  on  Kent  County  salt  wells 277 

indmills,  use  of l.J 

infield,  W4'll  at VM\ 

inter,  elTeots  of.  on  wells 40-47 

isconsin  stage,  drift  of 8 

ixom .  water  supply  of lS,'i 

olf  CnH?k,  wells  at 97-08 

olf  Creek  distriet ,  wells  of 97-08 

oodland,  water  supply  of 103 

wells  m'ur 103 

oodland  Ci-nter.  wells  near •. .  Iti3,  \(A 

oodmere,  water  supply  of 53 


Woodstock,  water  supply  of 81 

Wright  Township  (Ottawa  County;,  plat 

oX.  showing  well  distri!)utiun ...     254 

wells  in 2SS 

Wyandotte,  water  supply  of 54,57-56 

water  supply  of,  analyses  of 5S 

Y. 

Vale,  waterworks  at 2O5,206-a» 

wells  at,  records  of 307 

water  of,  aiflilysis  of 208 

Yale  moraine,  location  of 301 

Yerkes  Lake,  data  on 51,71 

York,  plat  of,  showing  well  distribution. . .  •    82 

York  district,  map  of 28 

weUs  of 83-88 

York  Township  (Washtenaw  County  i ,  map 

of SB 

weUs  of S5-88 

Yorkville,  water  supply  of 19 

Ypsilanti,  drilling  apparatus  used  at,  view 

of 140 

rainfall  at 48 

water  supply  of 145 

wells  at 138, 1« 

nx^ord  of 145 

Ypsilanti  Township  (Washtenaw  County), 

weUs  in 138 

Z. 

Zeeland ,  waterworks  at 265-206 

Ze<'land  Township  (Ottawa  County;,  wells 

in S27-2» 


CLASSIFICATION  OF  THE  PUBUCATIONS  OF  THE  UNITED  STATES  GEOLOGICAL 

SURVEY. 

[Water-Supply  Paper  No.  182.] 

The  serial  publications  of  the  United  States  Geological  Survey  consist  of  (1 )  Annual 
Beportfi,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Beeonrces,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  the  United  States — 
folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publication;  the 
others  are  distributed  free.    A  circular  giving  complete  lists  can  be  had  on  application. 

Most  of  the  above  publications  can  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
can  be  obtained,  free  of  chai^  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  delivered  to  Senators  and  Representatives  in  Congress  for 
distribution. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Dotniments,  Washington, 
D.  C.J  from  whom  they  can  be  had  at  practically  cost. 

4.  Copies  of  all  Grovemment  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  thruout  the  United  States,  where  they  can  be  consulted 
by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
tions; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 
This  paper  is  the  sixty-second  in  Series  O,  the  complete  list  of  which  follows  (PP=Pro- 
fessional  Paper;  B=Bulletin;  WS= Water-Supply  Paper): 

SERIES  O,  UNDERGROUND  WATERS. 

WS4.  A  reconnaifwance  in  Houtheastcrn  Wnshington.  by  I.  C.  Ruasell.    1897.    %  pp.,  7  pis.     (Out  of 

stock.) 
W3  6.  Underground  waters  of   southwt»stem   Kansas,  by  Erasmus  Haworlh.    1S97.    i\n  pp.,  12  pis. 

(Out  of  stock.) 
WS  7.  Seepxige  waters  of  northeni  Utah,  by  Stimuel  Fortier.    1897.    50  pp.,  3  pis.     (Out  of  stock.) 
WS  12.  Underground  waters  of  aouthoa.stern  Nebraska,  by  N.  H.  Darton.     1H98.    .%  pp..  21  pis.     (Out 

of  stock.) 
WS  21.  Wells  of  northern  Indiana,  by  Fmnk  I^verott.    1x99.    82  pp..  2  pis.     (Out  of  stock.) 
WS26.  Wells  of  southern  Indiana  (continuation  of  No.  21),  by  Frank  Lcverett.    1899.    CA  pp.     (Out 

of  stock.) 
WS  30.  Water  resources  of  the  lower  peninsula  of  Michipran.  by  A.  C.  Lane.    1899.    97  i»p.,  7  pis.     (Out 

of  stock.) 
WS  31.  I^ower  Michigan  mineral  waters,  by  A.  C.  Lane.    1899.    97  pp..  4  pis.     (Out  of  stock.) 
WS  34.  Geology  and  water  resources  of  a  i>ortion  of  .southca.slcrn  vSouth  Dakota,  by  J.  E.  Todd.    1900. 

34  pp.,  19  pis. 
W3  53.  Geology  and  water  resourrjcs  of  Nez  Forces  County.  Idaho,  Pt.  I.  by  I.  C.  RiLssell.    1901.    86 

pp.,  10  pis.    (Out  of  stock. ) 
WS  M.  Geology  and  water  resources  of  Nez  IVrces  County,  Idaho,  Pt.  II,  by  I.  C.  Ru.vsell.    1901. 

87-141  pp.     (Out  of  stock. ) 
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II  SKRIKS   LIBT. 

WS  &~>.  GcH)ln^y  and  wattT  rcwour(*e<>  of  a  iiortion  of  Yakima  County,  Wash.,  by  G.  O.  Smith.    190L 

(•*<  i>|»..  7  i»ls.    (Out  of  sttM-k.) 
WS  57.  I*roIiniiimry  IM  of  deep  liorings  in  the  United  States,  Pt.  I«  by  N.  H.  Darton.    190±    60  pp. 

tUut  of  sto<'k.)  J 

WS  5U.  Dcvt'lopinciit  mid  application  of  water  in  southern  California,  Pt.  I,  by  J.  B.  Lippincott  ISOf. 

yn  pp.,  11  pis.    (Outof  st«K'k.)  , 

W.^GU.  1>ov(>l(>yinu>nt  iind  application  of  water  in  southern  California.  Pt.  II.  by  J.  B.  Lippincott    ' 

1W2.    IXi-HOpp.    (Out  of  Block.) 
WS«il.  l'n»liiiiinury  list  of  deep  borings  in  the  United  8tateft.  Pt.  II.  by  N.  H.  DArtoa.    190i.    67  pp.    i 

KXiiof  sttx'k.) 
WS  fw.  The  motions  nf  undcrKround  WRters.  by  C.  S.  SHchter.    1902.    106  pp.,  8  pin.     (Out  of  Moek.) 
B  IW.  <;L>ol(>(;y  tiiid  water  ri'Soun^cK  of  the  Snake  Kiver  Plains  of  Idaho,  by  I.  C.  Rusvell.    1902.    18    : 

PP-.-J.^M'!'*. 
WS  77.  Watrr  rr.Mnm*08  of  Mok>kal.  Hawaiian  Islands,  by  Waldemar  IJndgrcn.    1903.    62pp.,4pU. 
WS  7«.  I'nliininary  r«'iK»rton  artesian  basin  in  wMithwcstem  Idaho  and  80Utheaeiteni  Oretcon,  by  I.  C. 

Kussfll.    VMi.    m  pp..  '2  pis. 
PI'  17.  Prcliiniiiary  r<>iH>rt  «)u  the  Rcolo^ry  and  water  reHOurcGn  of  Nebranlui  went  of  thu  one  hundrcd 

and  thinl  meridian,  by  N.  H.  Darton.    1908.    69  pp.,  43  pl». 
WS90.  (ieohvy  and  water  resoim'cs  of  a  i>art  of  the  lower  Jamea  River  Valley,  South  Dakota,  by 

.].  K.  T*Mld  an<l  C.  M.  Hall.    IWM.    47  pp.,  23  pis. 
WS  101.  irnderKHxind  waters  of  .Mintheni  Louisiana,  by  G.  D.  Harrin.  with  dtMniaeions  of  their  ufivfor 

watrr  supplies  ami  for  rice  irrigation,  by  M.  L.  Fuller.    1904.    98  pp.,  11  pis. 
WS  KVJ.  (%)ntrilaitions  to  the  hydrology  of  eastern  United  .States.  1903.  by  M.  L.  Fuller.    19M.    522  pp. 
WS  UM.  riulergn>uiul  waters  of  Gila  Valley.  Arizona,  by  W.  T.  Lee.    19(M.    71  pp.,  5  pla. 
WS  UMi.  Water  n'^iunes of  the  I'hihulelphia  district,  by  Florence  Baaoom.    1904.    76 pp.,  4 pb. 
WS  110.  <'ontrilMttlons  to  the  hydrology  of  eastern  United  States,  1904;  M.  L.  Fuller,  geologist  tn 

charge.     IWl.    211pp..  5  pK 
PP  32.  (tcolo^jy  and  nndergnaind  water  resourct^H  of  the  central  Great  Plains,  by  N.  H.  Darton.    190L 

IXi  pp..  72  pis.    (( )ut  of  stock. ) 
WS  111.  Preliminary  reis»rt  on  underground  waters  of  Washington,  by  Henry  LaiidcH.    19Q4.    85 pp., 

ipl. 
WS  112.  UntiiTllow  tests  in  the  drainage  bii«iii  of  Los  Angeles  River,  by  Homer  Hamlin.    19W. 

Tm  pp..  7  pis. 
WSlll.  rnd<Tgr<mn«l   waters  of  eastern   Unitetl  Static:  M.  L.  Fuller,  geologist  in  charge.    19W. 

2S.»  pp..  IS  j»ls. 
WS  lis.  (.Jodlugv  and  water  resources  of  east-central  Wtuihiiigton,  by  F.  C.  Calkins.    1905.    96  pp.. 

4  pis. 
B2-VJ.  Preliminary  rep<irl  on  the  geology  und  water  n-sources  of  central  Oregon,  by  I.  C.  Riunell. 

I'.M.i:,,     1.-.S  p|>,.  21  pis. 
WS  12<».  HU»li(»grapliie  review  and  index  of  paper*  relating  t»)  underground  waters,  publisheil  by  the 

I'tiitrd  StMt.N  Geolojjienl  Survey.  ls7'.»-l'M>t.  liv  M.  L.  Fuller.  190ri.  128pp. 
W<  12"J.  K.'lntion  «.i  the  law  to  umlerground  waters,  hy  I).  W.  Johnson.  1905.  65  pp. 
WS  12:?.  <M'oloj:y  nnd  inulirgroiind  water  c<.»nditi«»ns  of  the  .lornada  del  Muerto,  New  Mexico,  by  C.  R. 

Kry.-.     T.Mi.-..     12].p..UpN. 
WS  i:Mi.  rii.l.M;:roMn.l  waters  of  the  Salt  lllvor  Valley,  by  W.  T.  Uh'.    1905.    194  pp.,  24  pis. 
B  2».l.  K.M-ord  of  .h-cp-well  drilling  f(»r  IIKH.  by  M.  L.  Fuller.  E.  F.  Lines,  and  A.  C.  Veatch.    1905. 

Pl'-n.  rnd.TkTounM  water  resources  of  Lonu  Island.  New  York,  by  .V.  C.  Veatch  and  others.    1906. 

:;'.•!  pp..  :'.l  pis. 
W.s  i:i7.  hevel.ijimcnt  of  underground  war«'r>  in  the  <'a>ii'rne(Mistal  plain  n.>gionof80uthem(*.alifomia. 

hy  W.  «'.  M.-ndenhall.    P.ki.\     IK)  pp..  7  pis. 
WS  i:w.  Iu'velojinifntof  iinderuround  wai"n*in  (lnM«'ntrali*oaslal  plain  region  of  southcni  CoAlifomia, 

hy  W.  ('.  M.-ndeiihall.     IW'..     ir.2  j.p..  .'.  pis. 
WS  VMK  l»fvi'lnpiniiil  of  uiuh-rKroinid  waters  in  iln- wr>ti'rinMastal  plain  Region  of  Kouthem  California. 

I»y  W.  {'.  MiMidi-nhall.     P.m.V     lu.')  pp..  7  pis. 
WS  HO.  Field  meii^urenjeuls  of  th«-  rule  of  movement  of  nud'-rground  waters,  by  C.  S.  Slichter.     1905. 

I22i.p..  ir.pls. 
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LOWING  WELLS  AND  MUNICIPAL  WATER  SUPPLIES  IN 
THE  MIDDLE  AND  NORTHERN  PORTIONS  OF  THE 
SOUTHERN  PENINSULA  OF  MICHIGAN. 


By  Frank  Leverett  and  others. 


INTRODUCTION. 

By  Frank  Leverett. 

SCOPE  OF  REPORT. 

A  large  amount  of  data  on  water  supplies  was  collected  by  the  writer 
in  the  course  of  glacial  investigations  made  under  the  direction  of  Prof. 
T.  C.  Chamberlin  in  the  last  five  years  in  the  Southern  Peninsula  of 
Michigan.  These  investigations  resulted  in  a  partial  acquaintance 
with  conditions  in  about  200  separate  flowing-well  districts  and 
brought  out  matters  of  such  exceptional  importance  that  arrange- 
ments were  made  to  extend  them  by  examining  each  of  the  flowing- 
well  districts  in  the  State  sufficiently  to  determine  its  essential  char- 
acteristics, present  state  of  development,  and  probable  capacity  for 
future  development.  It  was  arranged  also  that  the  (juality  of  various 
classes  of  water,  both  surface  and  underground,  as  well  as  water  sup- 
plies of  cities  and  villages,  should  be  given  attention.  As  the  mineral 
waters  of  the  State  had  already  been  discussed  in  some  detail  by  the 
State  geologist,  Dr.  A.  C.  Lane,  in  Water-Supply  Paper  No.  31  of  the 
United  States  Geological  Sun^ey,  it  was  deemed  unnecessary  to  pre- 
pare another  report  on  that  subject,  but  arrangements  were  made  with 
Doctor  Lane  for  embodying  in  this  report  the  large  amount  of  material 
which  had  accumulated  at  his  office  relative  to  other  classes  of  water 
supply,  and  also  for  funiishing  reports  on  certain  counties  in  which 
special  investigations  had  been  carried  on  l)y  the  State  survey.  The 
results  of  all  these  studies,  so  far  as  they  apply  to  the  middle  and 
northern  counties  (se(»  iig.  1,  on  next  page),  are  embodied  in  the 
pesent  report;  the  remainder  a})pears  bi  a  companion  report  on  the 
southern  counties  of  the  Southern  Peninsula  of  Michigan. 

In  completing  the  ncH'ossary  lield  work  for  this  report  several  per- 
sons were  employed  for  a  short  time  and  were  assigned  to  separate 
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districts,  a.s  follows:  Jon  Andreas  Udden,  of  Rock  Island,  SL,  wit 
cni|)loyed  from  Jiilj"  to  December,  1904,  in  an  investigation  of  tb 
southern  coimties,  chiefly  those  south  of  Kalamazoo  River,  and  porta 
of  Macomb  and  Oakland  counties  in  the  eastern  part  of  the  Stita 
Mr.  Isaiah  Bowman,  of  Yale  University,  was  engaged  for  six  weebin 
August  and  September,  chiefly  in  the  region  tributary  to  Grand  River. 


I     N    D      I     A  N    A 


Fk..  ].  -  Skrti-h  inui).  flic^Miii-:  nrra  C(»vrri'<l  hy  n-port.    Tho  nihsd  areo  is  discusaed  In  Water^PPlT 

l'>«p<r  N<».  Is2. 

Prof.  (\  A.  Davis,  of  tlio  Univorsit y  of  ^lichigan,  was  employed  during 
July,  Aujrust.  and  Sopt<Mnbor  in  tho  investigations  of  the  southern 
and  eastern  j)ortions  of  tlic  basin  of  Saginaw  River.  Mr.  W.  M- 
Gregory,  of  the  department  of  j)hysiograj)hy  in  the  Cleveland,  Ohio, 
liigh  school,  was  employed  during  July,  August,  and  jmrt  of  September 
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the  investigation  of  the  northwestern  poi;tion  of  the  Saginaw  River 
isini  and  also  of  flowing-well  districts  in  the  northern  part  of  the 
niinsula,  in  Cheboygan,  Emmett,  Grand  Traverse,  Benzie,  and 
jmistee  counties,  to  which  he  had  previously  given  some  attention  in 
nmection  with  stream  measuremients  under  Mr.  Robert  E.  Horton. 
[r.  M.  L.  Fuller,  of  the  (Geological  Survey,  under  whose  direction  the 
ork  was  carried  on,  visited  several  of  the  men  in  the  field  and  spent 
ugust  and  part  of  September  in  an  investigation  of  the  deficiency  of 
ater  supplies  along  the  Huron  River  Valley  near  Detroit,  and  in  a 
etailed  study  of  the  flowing  wells  in  four  western  counties,  Oceana, 
ewaygo,  Mecosta,  and  Osceola.  Muskegon  County  was  investi- 
ited  by  Mr.  C.  D.  McLouth,  of  the  department  of  physics  of  the 
[uskegon  high  school;  Kent  County,  by  Mr.  J.  F.  Nellist,  a  civil 
igineer  of  Grand  Rapids;  Bay  County,  by  Mr.  W.  F.  Cooper,  of  the 
tate  Geological  Survey;  and  Wayne  County,  by  Prof.  W.  H.  Sherzer, 
:  the  State  normal  college  at  Ypsilanti,  who  also  furnished  the  data 
ir  the  report  on  Monroe  County.  Doctor  Lane,  the  State  geologist, 
ivestigated  and  reported  on  conditions  in  the  vicinity  of  Lansing  and 
Iso  prepared  a  brief  report  on  Huron  County,  condensed  from  his 
lore  elaborate  State  report.  The  present  writer's  investigations 
uring  the  last  season  were  chiefly  in  Sanilac,  Lapeer,  and  St.  Clair 
Dunties  on  the  eastern  border  of  the  State,  and  in  Charlevoix,  Antrim, 
nd  Benzie  counties  in  the  northwestern  part.  Mr.  S.  J.  I^ewis,  of  the 
Inited  States  Geological  Survey,  was  detailex^l  for  a  special  investiga- 
lon  of  the  quality  of  waters  and  spent  about  a  month  in  the  State, 
1  January  and  February,  1005,  during  wliich  time  he  made  about 
0  analyses.  Dr.  V.  C.  Vaughan,  dean  of  the  medical  school  of  the 
University  of  Michigan,  kindly  placed  at  the  disposal  of  the  Survey  a 
irge  number  of  analyses  made  for  sanitarj'-  purposes,  but  including 
leterminations  of  hardness,  chlorides,  and  sulphate43.  Field  analyses 
rere  also  made  by  Messrs.  Fuller,  Gregory,  and  Bowman,  which  will 
>efound  in  connection  with  their  reports  herewith  presented.  Reports 
rere  submitted  by  all  those  engaged  in  this  investigation  with  the 
xception  of  Mr.  Udden,  who  merely  tiu'ned  in  his  tabulated  data  and 
otebooks.  Much  work,  however,  was  necessarj^  in  order  to  bring  the 
everal  reports  to  a  more  nearly  uniform  standard,  and  the  present 
Titer  has  amplified  portions,  inserted  additional  data  at  many  points, 
nd  supplied  most  of.  the  geologic  and  other  general  descriptions, 
"he  several  reports,  however,  naturally  differ  somewhat  in  mode  of 
reatment,  according  to  the  personal  standards  of  the  individual  writers. 

GEOGRAPHIC  FKATUKKS. 

The  Southern  Peninsula  of  Michigan  is  bordered  on  its  entire  west- 
rn  coast  by  Lake  Michigan,  on  tlic  north  by  the  Straits  of  Mackinac, 
•nd  on  the  east,  from  north  to  south,  by  Lake  Huron,  St.  Clair  River, 
ma  183-06 2 
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districts,  as  follows:  Jon  Andreas  Udden,  of  Rock  Island,  I 
eni[)loyed  from  July  to  December,  1904,  in  an  investigation 
southern  counties,  cliiefly  those  south  of  Kalamaasoo  River,  an 
of  Macomb  and  Oakland  counties  in  the  eastern  part  of  the 
Mr.  Isaiah  Bowman,  of  Yale  University,  was  engaged  for  six  w 
Au^ist  and  Septeml^er,  cliiefly  in  the  region  tributary  to  Grand 


Fig.  1.— Sketch  map,  .showing  ana  coviTcd  by  report.    The  ruled  area  is  discussed  in  Wat 

l'ai>i'r  No.  182. 

Prof.  C.  A.  Davis,  of  the  University  of  Michitran,  was  employed 
July,  August,  and  Soptombor  in  the  investigations  of  the  sc 
and  eastern  portions  of  the  l)asin  of  Saginaw  Kiver.     Mr. 
(ire^^orv,  of  the  department  of  ])hysiography  in  the  Cleveland 
high  school,  was  employed  during  July,  August,  and  part  of  Sep 
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the  investigation  of  the  northwestern  portion  of  the  Saginaw  River 
sin,  and  also  of  flowing-well  districts  in  the  northern  part  of  the 
ninsula^  in  Cheboygan,  Enimett,  Grand  Traverse,  Benzie,  and 
anistee  counties,  to  which  he  had  previously  given  some  attention  in 
»nnection  with  stream  measurements  under  Mr.  Robert  E.  Horton. 
r.  M.  L.  Fuller,  of  the  Geological  Survey,  under  whose  direction  the 
ork  was  carried  on,  visited  several  of  the  men  in  the  field  and  spent 
ugust  and  part  of  September  in  an  investigation  of  the  deficiency  of 
ater  supplies  along  the  Hiuron  River  Valley  near  Detroit,  and  in  a 
3tailed  study  of  the  flowing  wells  in  four  western  counties,  Oceana, 
ewaygo,  Mecosta,  and  Osceola.  Muskegon  County  was  investi- 
ited  by  Mr.  C.  D.  McLouth,  of  the  department  of  physics  of  the 
[uskegon  high  school;  Kent  County,  by  Mr.  J.  F.  Nellist,  a  civil 
[igineer  of  Grand  Rapids;  Bay  County,  by  Mr.  W.  F.  Cooper,  of  the 
tate  Geological  Survey;  and  Wayne  County,  by  Prof.  W.  H.  Sherzer, 
f  the  State  normal  college  at  Ypsilanti,  who  also  furnished  the  data 
or  the  report  on  Monroe  County.  Doctor  Lane,  the  State  geologist, 
nvestigated  and  reported  on  conditions  in  the  vicinity  of  Lansing  and 
Jso  prepared  a  brief  report  on  Huron  County,  condensed  from  his 
more  elaborate  State  report.  The  present  writer's  investigations 
during  the  last  season  were  chiefly  in  Sanilac,  Lapeer,  and  St.  Clair 
counties  on  the  eastern  border  of  the  State,  and  in  Charlevoix,  Antrim, 
and  Benzie  counties  in  the  northwestern  part.  Mr.  S.  J.  Lewis,  of  the 
United  States  Geological  Survey,  was  detailed  for  a  special  investiga- 
tion of  the  quality  of  waters  and  spent  about  a  month  in  the  State, 
in  January  and  February,  1905,  during  whicli  time  he  made  about 
90  analyses.  Dr.  V.  C.  Vaughan,  dean  of  the  medical  school  of  the 
University  of  Michigan,  kindly  placed  at  the  disposal  of  the  Survey  a 
large  number  of  analyses  made  for  sanitary  purposes,  but  including 
determinations  of  hardness,  chlorides,  and  sulphates.  Field  analyses 
w^ere  also  made  by  Messrs.  Fuller,  Gregory,  and  Bowman,  >vhich  will 
befound  in  connection  with  their  reports  herewith  presented.  Reports 
w^ere  submitted  by  all  those  engaged  in  this  investigation  mth  the 
exception  of  Mr.  Udden,  who  merely  turned  in  liis  tabulated  data  and 
notebooks.  Much  work,  however,  was  necessary  in  order  to  bring  the 
several  reports  to  a  more  nearly  uniform  standard,  and  the  present 
^ter  has  amplified  portions,  inserted  additional  data  at  many  points, 
«id  supplied  most  of.  the  geologic  and  other  general  descriptions. 
Hie  several  reports,  however,  naturally  differ  somewhat  in  mode  of 
reatment,  according  to  the  personal  standards  of  the  individual  writers. 

GEOGRAPHIC  FEATURES. 

The  Southern  Peninsula  of  Michigan  is  bordered  on  its  entire  west- 
'rn  coast  by  Lake  Michigan,  on  the  north  by  the  Straits  of  Mackinac, 
^d  on  the  east,  from  north  to  south,  by  Lake  Huron,  St.  Clair  River, 
xBBisa-oe — 2 
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to  which  attention  is  directed  in  the  discussion  of  Antrim  and  Charlo 
counties,  in  which  it  appears  (pp.  333-336). 

The  features  of  the  State  thus  briefly  outlined  receive  fuller  t^ 
ment  in  connection  with  the  discussion  of  each  county. 

On  the  retreat  of  the  ice  from  the  basins  bordering  and  inclu 
the  Great  Lakes  large  bodies  of  water  were  held  between  the  ice 
the  rims  of  these  basins.  One,  in  the  Lake  Michigan  basin, 
known  as  Lake  Chicago  and  discharged  southwest  from  the  site  of 
city  to  Illinois  River.  Another,  in  the  Saginaw  basin,  was  knov 
Lake  Saginaw  and  discharged  westward  through  Grand  River 
Lake  Chicago.  A  third,  covering  the  western  end  of  Lake  Erie 
the  southern  part  of  Lake  Huron,  stood  at  several  successive  levi 
accordance  with  the  lowest  available  outlet,  the  highest  being  kj 
as  Lake  Maumee  with  its  outlet  past  Fort  Wayne  to  the  Wabasl: 
later  past  the  present  site  of  Imlay,  Mich.,  westward  into  Grand 
and  Lake  Chicago.  Below  this  is  the  largest  shore  line  of  the  9 
known  as  the  Belmore  beach,  which  borders  Lake  Wliittlesey,  v 
outlet  was  westward  from  the  present  site  of  Ubly,  Mich.,  into 
Saginaw.  A  little  lower  than  the  Belmore  beach  is  the  Arkona,  1 
antedates  the  Belmore  and  was  submerged  at  the  time  the  Bel 
was  forming.  The  lake  which  formed  the  Arkona  beach  was 
ably  confluent  with  Lake  Saginaw  and  discharged  westward  tin 
Grand  River  to  Lake  Chicago.  Two  lower  beaches,  known  a 
Upper  Forest  and  the  Lower  Forest,  mark  the  border  of  Lake  W 
which  covered  the  Saginaw  and  southern  part  of  the  Huron  bw 
well  as  Lake  Erie,  and  discharged  westward,  for  a  time  at 
through  Grand  River  to  Lake  Cliicago.  Below  the  Forest  beachi 
two  others,  known  as  the  Grasmere  and  Elkton,  which  appear 
the  shores  of  a  lake  that  discharged  eastward  past  Syracuse,  N.  ^. 
Mohawk  and  Hudson  rivers.  At  still  lower  levels  are  beaches 
are  conspicuous  on  the  borders  of  the  Lake  Huron  and  Lake  Micl 
basins,  especially  in  the  vicinity  of  the  Straits  of  Mackinac.  0 
known  as  the  Algonquin  beach;  Lake  Algonquin,  which  form( 
dischart^ed  along  the  present  line  of  drainage  tlirough  Lake  Erie  t 
Ontario  basin  into  a  Glacial  lake  known  as  Lake  Iroquois,  whose 
let  was  tlirough  th(»  Mohawk  and  Hudson.  A  lower  beach,  knoi 
the  Nipissing  beach,  borders  a  post-Glacial  lake.  Lake  Nipissing, 
wa.s  formed  as  the  lake  was  changing  from  a  discharge  eastward 
Georgian  Bay  through  Mattawa  and  Ottawa  rivers  into  the  St.  ] 
rence  to  the  present  line  of  discharge  tlirough  St.  Clair  River,     i 

The  sand  and  gravel  in  these  l)each  ridges  and  on  the  lake  bedflf 
quently  serve  as  sources  of  supply  in  sliallow  wells,  water  being  £a|| 
<Mt  tlie  base  of  the  sand  or  gravel. 
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WATER-BEARING  FORM^lTIONS. 

The  greater  part  of  the  Southern  Peninsula  is  covered  so  deeply 
with  drift  that  wells  do  not  reach  rock.  The  shaded  portions  of  the 
map^  PL  I,  show  the  parts  of  the  Stat«  where  rock  is  within  easy 
reach  of  the  drill  and  is  drawn  upon  to  some  extent  for  drinking  water. 
In  the  northern  end  of  the  peninsula  water  is  found  chiefly  in  lime- 
stone if  not  in  the  drift.  There  is  also  a  limestone  district  in  the 
southeastern  part  that  serves  extensively  as  a  source  for  drinking 
water;  in  some  cases  in  southeastern  Lenawee  County  the  wells  are 
driven  through  shale  to  reach  the  limestone.  The  extensive  district 
running  from  Hillsdale  and  Calhoun  counties  northeastward  to  Sagi- 
naw Bay  obtains  water  chiefly  from  sandstones  of  the  coal  meas- 
ures and  from  the  Marshall  sandstone,  if  water  is  not  found  in  the 
drift.  There  are,  however,  small  limestone  districts  in  this  region 
the  full  extent  of  which  have  not  been  worked  out.  Sandstone  is  also 
drawn  upon  occasionally  in  western  Wayne,  southern  Washtenaw, 
and  northern  Lenawee  coimties  in  the  deep  flowing  wells.  The  Syl- 
vania  sandstone  of  Monroe  County  is  also  an  important  water  bearer, 
yielding  a  good  quality  of  water.  There  are  small  areas  around 
Grand  Rapids — in  Kent  and  eastern  Ottawa  coimties — and  around 
Wayland,  in  northeastern  Allegan  County,  where  wells  are  driven  to 
the  Marshall  sandstone. 

Water  is  found  in  the  glacial  formations  at  various  horizons, 
wherever  gravel  or  sand  chance  to  be  present.  The  clay  plains  bor- 
dering wSt.  Clair  River,  Lake  St.  Clair,  and  Detroit  River  are  deficient 
in  gravel  and  sand,  and  are  perhaps  the  poorest  water  bearers  in  the 
peninsula.  As  a  rule,  water  in  large  quantities  is  easily  obtained  in 
the  drift.  Even  in  the  regions  where  wells  are  driven  to  rock,  as  indi- 
cated by  the  shaded  portions  of  PI.  I,  there  are  numerous  wells 
obtaining  water  from  the  glacial  deposits.  The  water  from  rock  is 
usually  softer  in  sandstone  areas  than  tliat  from  the  overlying  drift, 
and  for  that  reason  is  preferred  and  is  the  cause  for  going  to  the  rock 
in  many  instances. 

The  sand  along  the  present  shore,  and  also  along  abandoned  shores 
of  the  Great  Lakes,  is  often  of  sufficient  depth  to  furnish  water, 
though  not  that  of  the  best  quality  in  many  cases.  It  so  happens 
that  these  sand  deposits  occur  on  parts  of  the  lake  plain  where  the 
glacial  formations  are  deficient  in  water-bearing  beds  and  thus  become 
of  great  importance  locally.  In  general,  however,  the  water  from  the 
underlying  glacial  formations  is  preferred  and  is  used  wherever  it  can 
be  easily  obtained. 

The  newest  formations  drawn  upon  for  water  are  the  beds  of  bog 
lime  bordering  the  little  lakes.  Pipes  are  driven  do^vn  into  the  marl 
sometimes  with  a  sledge  liaimner  far  enough  to  get  the  water.  In 
some  cases,  in  the  northern  part  of  the  State,  flowhig  wells  have  been 
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obtained  by  penetrating  the  marl  a  few  feet.  Conspicuous  insta 
are  found  on  the  borders  of  Pine  Lake  at  East  Jordan,  South . 
and  Boyne,  and  on  the  borders  of  Intermediate  Lake  near  Bellai 

STRUCTURE   OF   DRIFT. 

The  structure  of  the  drift  is  intimately  related  to  the  drainage 
ditions  that  attended  the  melting  of  the  ice.  It  is  more  variab 
Michigan,  both  on  the  surface  and  below,  than  in  a  large  part  o 
neighboring  States  of  Ohio,  Indiana,  and  Illinois.  In  those  State 
till  or  commingled  drift  greatly  predominates  over  the  sand  and  gi 
or  assorted  drift  and  contains  a  large  percentage  of  fine  clayey  n 
rial.  In  Michigan,  sand  and  gravel  form  a  large  part  of  the  drift 
much  of  the  till  is  loose  textured.  The  great  amount  of  loose-t«xt 
drift  seems  attributable  to  the  voluminous  discharge  of  water  resu 
from  the  convergence  of  ice  lobes.  It  is  best  developed  on  the 
portions  of  the  State,  which  were  built  up  between  the  ice  lobes, 
most  clayey  portion  of  the  drift  is  found  in  plains  bordering  the 
basins.  On  these  plains  more  difficulty  is  found  in  obtaining  adeq 
supplies  of  water  than  in  the  higher  tracts  bordering  them.  Pen 
of  the  plains  have  a  thin  coating  of  sand  deposited  in  the  beds  o 
Glacial  lakes  that  covered  them  after  the  withdrawal  of  the  ice,  ai 
these  localities  many  wells  draw  their  supply  from  the  surface  sa 

Flowmg  wells  are  usually  found  under  a  bed  of  clayey  drift,  am 
this  reason,  as  well  as  because  of  topographic  conditions,  the  la^ 
artesian  districts  are  found  on  the  old  lake  plain. 

The  clayey  drift  differs  greatly  in  degree  of  induration  at  diff( 
horizons,  and  the  sand  and  gravel  also  become  cemented  at  cei 
horizons.  The  induration  in  the  clay  or  till  seems  to  be  largely  a  r 
of  secondary  changes  produced  slowly,  and  is  in  some  cases  an  ind( 
ago.  The  surface-till  sheet,  which  is  of  the  Wisconsin  stage,  is 
enilly  a  soft,  adhesive  clay,  even  where  very  fine  textured,  and  wel 
gersand  drillers  find  very  little  difficulty  in  penetrating  it.  Below 
the  drift  is  found  to  be  extensively  indurated,  so  that  excavati 
difficult ,  and  the  till  approaches  a  shale  in  its  resistance.  The  pr 
nature  of  the  induration  has  not  been  ascertained.  It  is  thought 
much  of  this  indurated  clayey  drift  was  deposited  in  a  Glacial  s 
earlier  than  the  one  that  formed  the  upper  part  of  the  drift — prob 
tlie  Illinoian  stage.  In  some  places  a  soil  appears  between  the 
sheets  of  till,  showing  that  an  interval  separates  them.  The  h\ 
soils  are  much  more  al)un(lant  in  northern  Indiana  than  in  soul 
Michigan,  but  they  have  been  noted  in  well  borings  as  far  north  as 
and  Oceana  counties. 

^Vnother  kind  of  induration  of  the  drift  is  very  common  in  floi 
well  districts.  Just  al)ove  the  water  bed  which  yields  the  fl< 
found  a  cemented  crust, having  a  l\\icki\essusvi«SV^oioTAY  ^iew  in 
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Tills  cnist  is  apparently  due  to  contact  with  the  water,  but  the  precise 
chemical  or  physical  changes  that  have  produced  it  have  not  been 
^ven  much  attention.  In  some  cases  it  has  the  appearance  of  bog- 
iron  ore  and  in  others  it  is  chiefly  carbonate  of  lime.  Probably  the 
quality  of  the  water  determines  the  nature  of  the  crust.  A  crust  has 
also  been  frequently  noted  in  sand  and  gravel  deposits  just  above  the 
^^ater  table,  where  it  is  somewhat  constant  at  a  definite  horizon. 

It  is  a  common  experience  to  find  sand  so  close  textured  that  it  will 
not  furnish  water  fast  enough  to  supply  the  wells.  Such  sand  is 
encountered  in  the  plains,  perhaps,  more  frequently  than  in  the  rolling 
or  niorainic  belts.  It  is  the  custom  in  such  places  to  continue  the 
drilling  to  a  looser  textured  bed,  though  in  some  localities  no  such  bed 
is  found.  If  a  looser  textured  bed  is  reached,  the  water  often  rises  in 
the  pipe  to  a  higher  level  than  in  the  overlying  sand,  the  sand  appar- 
ently serving  as  a  cover  to  prevent  the  upward  escape  of  water  from 
the  porous  bed.  In  a  few  places  flowing  wells  have  been  obtained  in 
which  nothing  but  sand  was  penetrated  from  the  surface  down  to  the 
coarser  bed  that  yielded  the  flow. 

CHARACTER  OF  DRAINAGE. 

The  character  of  the  drainage  depends  on  the  structure  of  the  drift, 
as  well  as  on  the  topography.  Where  the  soil  is  very  loose  textured, 
as  on  gravel  plains  and  on  many  of  the  larger  moraines,  very  little  sur- 
face run-off  occurs,  so  that  even  the  steep  hillsides  show  little  or  no 
gulhing.  Basins  are  numerous  on  the  gravel  plains  and  to  some 
extent  along  the  moraines.  When  of  sufficient  depth  to  extend  below 
the  water  table,  they  contain  water,  but  a  large  proportion  of  them  are 
so  shallow  as  to  have  dry  bottoms.  The  drainage  lines  are  therefore 
best  developed  in  the  clayey  portions  of  the  State,  where  the  rainfall 
can  not  be  quickly  absorbed  by  tlie  soil. 

The  regimen  of  the  stream  varies  also  in  accordance  with  the  struc- 
ture of  the  drift.  Where  the  drift  is  loose  textured,  the  streams  are 
supplied  by  seepage  from  the  underground  drainage  and  are  not  sub- 
ject to  freshets  nor  to  very  low  stages,  but  in  the  clayey  tracts,  where 
the  surface  drainage  is  the  principal  factor,  there  is  a  marked  difference 
between  the  liigh-  and  low-water  stages  of  the  streams.  Often,  how- 
ever, the  sources  of  the  streams  are  in  districts  liaving  a  loose-textured 
drift,  wliile  the  lower  courses  run  tlirough  clayey  districts.  In  such 
cases  the  streams  have  a  correspondingly  regular  flow.  Data  concern- 
ing the  flow  of  the  principal  streams  of  the  peninsula  may  be  found  in 
the  reports  on  stream  measurements,  which  appear  in  the  water-supply 
series  of  the  United  States  Geological  Survey.  The  regularity  of  flow, 
as  well  as  the  considerable  fall  of  the  principal  streams  of  the  peninsula, 
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renders  them  valuable  for  water  power  to  an  exceptional  degree,  con- 
sidering the  small  size  of  their  drainage  basins.  The  subject  of  water 
power,  however,  is  not  taken  up  in  the  present  report. 

RAINFALL.. 

From  the  reports  of  the  Weather  Bureau  it  appears  that  the  rainfall 
is  greatest  in  the  southern  tier  of  counties  and  decreases  northward 
to  a  little  beyond  the  middle  of  the  peninsula,  where  a  change  occurs 
toward  hea\4er  precipitation.  This  is  set  forth  in  the  following  tuble, 
which  gives  the  average  precipitation  by  tiers  of  counties  from  south 
to  north,  each  tier  having  a  uniform  width  of  24  miles: 

Ai^ragt  annual  precipUaiion  in  the  Southern  Peninsula  of  Michigan. 

Incbei 

First  or  southern  tier  (Monroe  to  Bt'irien  County) 34.39 

Second  tier  (Wayne  to  Van  Burcn  County) 31.99 

Third  tier  (Macomb  to  Allegan  County) 30.81 

Fourth  tier  (St.  Clair  to  Ottawa  County) 31.19 

Fifth  tier  (Sanilac  to  Muskegon  County) 30. 6S 

Sixth  tier  (Bay  to  Oceana  County) 27.21 

Seventh  tier  (Arenac  to  Mason  County) 25. 44 

Eighth  tier  (lasco  to  Manistee  County) 26.® 

Ninth  tier  (Alcona  to  Benzie  County) 33.64 . 

Tenth  tier  (Alpena  to  Leelanau  County) 32. 53 

Eleventh  tier  (Presque  Isle  to  Charlevoix  County) 28.07 

Twelfth  tier  (northern  Chelxiygan  and  Emmett  counties) 31. 41 

Average  for  the  peniiLsula 30.30 

The  distribution  of  precipitation  by  months  and  the  percentages  by 
seasons  in  the  southern,  central,  and  northern  sections  of  the  penin- 
sula are  given  in  the  following  tables,  which  are  based  on  the  monthly 
rainfall  data  of  the  Weather  Bureau: 

Airroffe  wonfhhj  rainfall  In  thr  Southern  PtniwfuJa  of  Michigan. 

1  inclu's.) 


Month. 

Southern 
third. 

Central 
third. 

Northen 
third 

January 

2.33 
2.31 
2.68 
2.34 
3.68 
3.64 
3.43 
2.64 
2.76 
2.48 
2.82 
2.47 

1.96 
2.16 
3.09 
2.16 
2.73 
3.00 
2.96 
2.58 
2.98 
2.40 
2.44 
1.53 

2.fl 

Fobruarv 

1.10 

Marrh .  /. . . 

2.» 

April 



l.tt 

Mav 

2.» 

Juno 

2.» 

Julv 

4.e 

Aujjiist 

2.» 

Septcnibor 

3.41 

October 

3.i0 

Novombor 

2.* 

Dci'ernbcr 

l.« 

BAlKPAIiL  ANO  GBOUND-WATEB  TABLE. 
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IHsiribution  of  preeipUaiion  in  the  Southern  Peninsula  of  Michifjan  by  seasons. 

[  Per  cent.) 


Season. 


I^lnter  n>oeember  to  February) . . . 

toftns  (March  to  May) 

goinmer  (June  to  August) 

^Qtmnn  (September  to  November) 


Southern     Central 
third.  third. 


21.23 
26.00 
28.70 
24.07 


100.00 


18.73 
26.43 
28.28 
26..% 


100.00 


Northern ,     Entire 
-  third.       peninsula. 


18.40 
22.1.') 
30.63 
28.82 


100.00 


19.45 
24.86 
29.20 
26.48 


99.99 


It  appears  from  the  above  tables  that  the  rainfall  is  most  deficient 
in  the  winter  months  at  a  time  when  the  frozen  ground  would  prevent 
'its  absorption,  but  is  well  distributed  throughout  the  growing  season 
;  all  over  the  pemnsula.     It  should  be  noted  that  the  greater  evapora- 
^  tion  in  the  southern  part  of  the  peninsula  causes  it  to  be  a  drier  region 
fe  than  the  northern  part,  notwithstanding  the  fact  that  it  has  a  little 
I  more  rain.     Determinations  made  at  signal-service  stations,  and  dis- 
'  cussed  by  T.  Russell  in  the  Monthly  Weather  Review  for  September, 
1888,  show  that  the  evaporation  near  the  southern  border  of  the  State 
jsZ7  to  38  inches  a  year,  while  in  the  latitude  of  Port  Huron  and  Grand 
.  Haven  it  is  about  29  inches,  and  at  Alpena  24.3  inches.     Only  a  small 
,  part  of  the  evaporation  occurs  in  the  winter  months  or  during  the 
:  time  of  deficient  precipitation,  so  the  deficiency  is  not  noticeable. 
Indeed,  as  ^  rule  snow  remains  continuously  over  much  of  the  penin- 
sula from  December  to  March. 

GROUND- WATER  TABLE. 

The  ground-water  table  as  ordinarily  understood  marks  a  level  to 
which  the  saturation  of  the  earth's  crust  rises.  In  a  region  of  heavy 
rainfall  it  is  commonly  very  near  the  surface,  but  in  arid  regions  it 
may  lie  at  a  considerable  depth  and  is  sometimes  beyond  the  general 
direct  percolation  of  the  rainfall,  there  being  a  moist  layer  at  the  sur- 
face supplied  by  the  rainfall  under  which  the  material  is  dry  down  to 
the  ground-water  table.  Ordinarily  the  ground-water  table  in  the 
Southern  Peninsula  of  Michigan  lies  only  a  few  feet  below  the  surface, 
within  easy  reach  of  the  roots  of  trees  and  other  plants.  A  few 
places,  however,  have  been  revealed  by  well  borings  in  which  com- 
paratively dty  material  is  present  between  the  moist  surface  beds 
and  the  ground-water  table.  The  most  conspicuous  instance  is 
found  in  Emmett  County  north  of  Little  Traverse  Bay,  where  the 
wells  on  an  elevated  table-land  underlain  ])y  gravel  and  sand  reach 
depths  of  350  to  400  feet  before  striking  the  water  table;  instances  of 
this  are  cited  in  the  discussion  of  the  county  (p.  364).  The  rain- 
fall in  that  region  appears  to  moisten  chiefly  the  surface  portion,  but 
is  yet  adequate  to  the  needs  of  the  forests,  orchards,  and  crops.  On 
many  of  the  elevated  gravel  plains  the  water  table  \s  40  to  Q»0  Wx^^vA 
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occasionally  100  foot  below  the  surface,  and  wells  must  be  driven  to 
these  deptks  to  obtain  water,  and  yet  vegetation  ordinarily  thrives  on 
these  plaiiLs.  Similar  conditions  are  found  in  a  number  of  the  promi- 
nent moraines,  in  which  a  sheet  of  bowldery  till  at  the  surface  k 
underlain  by  sand  and  gravel  of  considerable  depth.  The  till  at  thf 
surface  is  kept  moist  by  the  rainfall,  so  that  the  crops  obtain  the 
necessary  water.  In  all  these  localities  there  are  probably  places 
where  conditions  are  such  that  the  rainfall  {>ercolates  directly  down 
to  the  water  table,  but  there  does  not  appear  to  be  a  general  percokr 
tion  to  this  depth. 

Where  the  ground-water  table  lies  only  a  few  feet  below  the  surface 
and  the  percolation  of  the  rainfall  to  it  is  general,  marked  fluctuation 
are  found  in  its  level  corresponding  with  the  amount  of  rainfall.  Th 
underground  drainage  into  the  streams  is  maintained  in  times  c 
drought  lus  well  as  in  wet  seavsons,  and  the  water  table  drops  downo 
flattens  out  beneath  the  liills  to  depths  sufficient  to  seriously  affec 
not  only  the  cr()i)s  but  the  supply  for  wells.  As  a  result  the  so-calte 
surface  wells  (wliich  are  merely  basins  sunk  into  the  upper  part  of  th 
ground-water  table)  are  being  rapidly  abandoned  and  driven  well 
reaching  to  deej)er  supplies  substituted.  This  condition  is  also  cor 
ducive  to  health,  for  many  of  these  shallow  or  surface  wells  are  recep 
tacles  for  all  sorts  of  tilth. 

There  is  a  slight  variation  in  the  ground-water  table  due  to  bare 
metric  changes,  the  level  of  water  in  the  open  wells  being  highest  I 
times  of  low  barometer  or  just  before  a  storm.  It  is  barometri 
fluctuation  of  this  sort  which  produces  the  blowing  wells  reported  a 
various  points  in  the  State.  Acc^ording  to  the  testimony  of  we 
owners  tlu*  ])arometric  conditions  also  affect  flowing  wells,  anincreas 
in  the  rate  of  flow  resulting  from  a  decrease  in  atmospheric  pressun 

An  instance  of  n^narkahly  high  water  table  is  found  in  the  dune 
along  the  shore  of  Lake  Michigan,  where  a  fine  or  uniform  texture 
sand  ill  sliar|)  ridges  with  a  height  of  200  feet  above  the. lake  is  foun 
to  he  wcH  to  within  a  very  few  feet  of  the  surface.  Because  of  th 
condition  some  of  tlie  chines  are  covered  with  hardwood  forests. 

WKLLS  AND  APPLilAXCES. 

One  of  t  he  most  common  types  of  well  is  the  large  open  or  dug  w< 
walled  or  curbed,  which  furnishes  a  basin  in  which  the  water  colle< 
or  stands.  This  kind  of  well  is  in  xcvy  common  use  on  the  farms,  a 
is  also  in  use  as  a  collecting  reservoir  in  the  villages  for  the  wat<?rwo) 
sui)ply.  In  districts  where  the  drift  is  of  a  clayey  texture  and  i 
yield  of  water  is  small,  these  large  \v(»lls  serve  a  valuable  purpose 
collecting  ba.sins,  and  in  many  cases  can  not  he  dispensed  with  ev 
though  known  to  be  more  or  less  sul)ject  to  surface  contamination. 
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A  type  in  use  locally,  especially  in  clayey  districts,  is  known  as  the 

bored  well,  the  excavation  being  made  by  means  of  a  large  auger. 

Tliese  wells  are  usually  lined  with  tile.     They  can  be  sunk  without 

difficulty  to  depths  of  50  to  100  feet.     Some  of  the  oldest  flowing 

^welk  in  southeastern  Michigan  are  of  this  type. 

A  type  which  is  coming  into  very  general  use  throughout  the  State 
is  known  as  the  tubular  well.  It  is  made  with  the  ordinary  chum 
drill,  the  material  being  brought  up  by  means  of  a  sand  pump.  The 
size  of  these  wells  ranges  from  2  inches  or  less  to  about  8  inches.  They 
are  in  very  common  use  in  the  villages  for  obtaining  public  water  sup- 
plies, as  well  as  throughout  the  country  districts.  Ordinarily  they  are 
driven  some  distance  into  the  water  bed,  making  up  in  vertical  direc- 
tion for  the  small  diameter  of  the  well,  no  casing  being  used  after 
entering  the  water  bed.  Where  flowing  wells  are  obtained,  however, 
it  is  customary  to  stop  the  drilling  about  as  soon  as  the  water  bed  is 
reached.  The  drills  used  in  making  wells  of  this  type  are  usually 
handled  by  steam  or  horsepower,  but  in  some  instances  only  hand 
power  is  used,  the  drill  being  lifted  by  a  windlass  a  few  feet  and  dropped 
into  the  hole. 

In  some  cases  no  drill  is  used,  but  the  pipe  is  driven  to  the  water 
bed,  the  material  being  removed  by  a  sand  pump  if  the  well  is  deep  or 
if  it  has  a  large-sized  pipe.  Shallow^  wells  with  small  pipe  are  often 
driven  through  to  the  water  bed  without  sand  pumping.  It  is  com- 
mon to  attach  a  sharp  perforated  cone  or  '^  point  ^'  to  admit  the  water, 
which  aids  in  reducing  the  resistance  to  driving  the  pipe.  In  some 
cases  these  wells  are  made  by  simply  using  a  maul  to  drive  the  pipe. 

In  the  discussion  by  Mr.  Davis  attention  is  directed  to  strainers  or 
screens,  which  are  employed  in  the  tubular  wells,  and  to  the  clogging 
which  they  experience  (pp.  128-130). 

Windmills  are  in  very  common  use  throughout  the  State  as  a  means 
for  lifting  the  water  to  the  surface.  In  some  of  the  deeper  wells  on 
elevated  tracts  the  windmill  has  become  a  necessity,  for  the  water  in 
some  instances  has  to  be  lifted  about  200  feet — one  case  was  found 
in  which  the  lift  was  400  feet.     In  this  well  a  1 2-foot  wheel  was  in  use. 

Many  flowing  wells  are  allowed  to  discharge  the  water  without 
restriction,  but  there  is  a  growing  sentiment  in  favor  of  using  reducers 
or  faucets  to  prevent  waste."  In  some  cases  pumps  have  ])een 
attached  in  order  to  prevent  the  slop  attending  the  flow  or,  where  the 
wells  are  weak,  to  increase*  the  supply. 

a  For  State  laws  on  this  point  sro  p.  21. 
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QUALilTY  OF  WATEK. 

Th(»  chemical  character  of  the  water,  both  surface  and  underground, 
has  l)(»(Mi  considered  at  some  length  bj'  Doctor  Lane  in  Wat^r-Supplv 
Paper  No.  31,  where  numerous  analyses  are  presented.  The  present 
r(»|K)rt  contains  many  additional  analyses,  some  of  them  made  by 
chcniLsts  in  the  laboratory  and  some  by  men  in  the  field.  Although 
the  latter  are  designed  to  show  the  general  characteristics  of  the 
wat(»rs,  without  pretense  to  the  accuracy  of  a  laboratory  analyses,  th« 
results  are  usually  correct  within  a  few  parts  per  million. 

In  gejieral,  the  waters  from  all  horizons,  both  surface  and  under-  | 
ground,  in  the  Southern  Peninsula  are  hard  compared  with  waters 
found  in  regions  in  which  readily  soluble  rocks,  like  limestone  and 
gy})suni,  are  not  present.     There  are  very  few  waters  in  which  the 
(•arl)()nat(*  of  lime  is  less  than  50  parts  per  milUon. 

Salt  is  j)r(\sent  in  varying  amounts,  from  a  mere  trace  up  to  several 
thousand  parts  in  a  million.  iVn  analysis  of  one  water  from  the  drift 
made  by  Mr.  Lewis  shows  2,829  parts  per  million  of  chlorine,  the  well 
being  supplied  |)resuniably  from  water  contribut^^d  to  the  drift  from 
the  underlying  sandstone.  Ordinarily  the  drift  waters  show  less  than 
25  parts  per  million. 

Sulpliated  and  sulphureted  waters  are  foimd  at  various  points  in 
the  State,  both  in  the  drift  and  in  the  underlying  rock,  but  ordinarily 
the  drift  wat(Ts  have  very  snuiU  amountii  of  sulphureted  hydrogen 
gas  and  sulphates  seem  to  be  principally  in  the  portions  of  the  State 
wJKMv  gy})siini  forms  a  conspicuous  ingredient  in  the  drift,  as  in  the 
re^gioii  bordering  Saginaw  Bay,  and  reached  by  the  Saginaw  glacial 
lobe  and  in  tlie  region  near  the  gypsum  outcrops  aroimd  Grand  Rapids. 

Iron  is  coinnioTdy  supposed  to  be  present  in  large  amount  in  the 
flowing  w(»lls,  and  in  wells  of  similar  character  whose  waters  are  con- 
fined below  iinp(M*vious  ])eds.  In  some  cases  its  presence  is  proved 
by  (he  staining  of  ol)j(H'ts  over  which  the  water  passes,  but  iti  many 
instances  what  seems  an  abundant  iron-oxide  precipitate  is  in  the 
main  a  vegetable  growth  of  algie.  The  few  available  analyses  indi- 
cate that  the  amount  of  iron  is  small  compared  with  other  mineral 
constitU(Mits. 

SI  BTKRKAN  1:AX-WATEK   TEMPKKATURK. 

Consi(l(Table  attention  has  been  given  to  the  temperature  of  th£ 
water  in  flowing  wells  in  order  to  obtain  information  concerning  the 
h(»at  gradients  due  to  depth  and  to  latitude.  It  wa.s  found,  however, 
that  the  tem|)eratures  obtained  are  of  very  little  value  in  showing  the 
increase  of  heat  with  depth,  for  as  a  rule  wells  in  a  given  district  hav- 
ing variations  of  100  or  even  200  feet  in  depth,  if  in  the  glacial  depos- 
its, are  very  similar  in  temperature.    The  circulation  of  subterranear 
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rs  appears,  therefore,  to  be  such  that  little  value  can  be  deter- 
d  concerning  the  heat  gradient  within  200  feet  of  the  surface, 
le  change  in  temperature  corresponding  to  the  latitude,  how- 
.  is  very  marked,  there  being  a  difference  of  about  5.5^  in  about 
'  latitude  between  the  northern  and  southern  ends  of  the  penin- 
The  air  temperature  shows  a  similar  range,  but  averages  about 
wer  than  the  water  temeprature.  The  true  temperature  of  the 
T  at  the  bottom  of  a  well  can  be  obtained  only  in  wells  of  rapid 
having  but  little  exposure  of  pipe.  Nor  can  the  pipe  be  carried 
Eontally  through  the  soil  without  affecting  the  temperature.  It 
not  possible  in  the  hasty  examinations  in  the  field  to  determine 
causes  of  variation  from  the  bottom  temperature  in  any  given 
,  since  this  would  necessitate  much  inquiry  into  all  the  surround- 
conditions.  As  a  result  many  of  the  temperatures  given  in  the 
lerous  tables  of  data  concerning  flowing-well  districts  are  Uable 
e  misleading. 

iteresting  variations  in  temperature  of  the  wells  of  a  given  lati- 
j  suggest  several  problems.  For  example,  wells  in  swamps  are 
'rally  a  little  cooler  than  wells  of  similar  depth  on  the  dry  land, 
dally  if  the  wells  are  comparatively  shallow  in  both  cases.  Thus 
wells  in  the  celery  swamp  south  of  Ann  Arbor  have  a  tempera- 
of  a  little  less  than  50°  F.,  while  those  on  the  dry  land  in  the 
aity  are  commonly  51°.  The  question  arises  whether  the  evap- 
ion  from  a  swamp,  being  greater  than  that  from  the  dry  land, 
'  not  prevent  the  heating  of  the  soil  beneath  to  the  degree  experi- 
k1  in  that  region  on  ground  where  evaporation  is  less;  also  whether 
slow  heat  conductivity  in  a  swamp  may  not  cause  waters  beneath 
►  have  exceptionally  low  temperature. 

he  flowing-well  district  in  southeastern  Oakland  County  known 
he  Troy  district  has  salt  water  in  its  eastern  portion  and  fresh 
?r  in  its  western  portion  from  wells  of  similar  depth,  and  the  tem- 
.ture  of  the  salt  water  averages  somewhat  lower  than  that  of  the 
1  water.  The  salt  water  probably  comes  up  from  the  underlying 
:,  and  one  would  naturally  expect  it  to  be  warmer  instead  of  colder 
I  water  supplied  entirely  from  the  drift. 

he  observations  on  temperature  were  made  in  1904,  when  the  air 
perature  was  considera])ly  below  the  normal,  the  average  tempera- 
'  for  tlieiyear  being  2.7°  below  the  normal  throughout  the  i)enin- 
.  This  raises  the  question  whether  flowing  wells  of  moderate 
th  may  not  have  suffered  a  slight  lowering  of  temperature  because 
his  deficiency  in  heat  received  by  the  surface.  On  the  whole 
ing  wells  less  than  30  feet  in  depth  are  found  to  present  a  slightly 
?r  temperature  than  do  wells  exceeding  that  depth,  but  there  are 
lany  exceptions  that  some  doubt  is  felt  as  to  tlie  lowering  effect 
he  low  air  temperature  of  1904  on  even  the  shallowest  of  the 
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flowing  wells.  Some  of  the  very  shallow  jflowing  wells  may,  how- 
over,  receive  contributions  of  water  from  considerable  depths, 
from  beyond  the  influence  of  the  low  air  temperature.  In  the  city 
of  Ann  Arbor  there  are  springs  having  a  uniform  temperature  of  51° 
tliroughout  the  year  which  must  come  from  depths  sufficiently  low 
to  have  been  unaffected  by  the  low  temperature  of  1904,  or  even  by 
the  winter  severity  of  cold. 

There  are  certain  districts  in  which  the  temperature  is  diflferent 
from  what  would  be  expected  for  that  part  of  the  State,  a  conspicu- 
ous case  being  the  wells  in  the  vicinity  of  Grand  Traverse  Bay,  in 
Antrim  and  Grand  Traverse  counties,  the  temperature  of  which  is 
generally  48^  to  50,°  whereas  about  47®  is  to  be  expected.  The 
high  temperature  at  Traverse  City  may  be  referable  to  the  great 
depth  of  the  wells,  the  general  depth  being  over  300  feet,  but  this 
would  not  apply  to  the  shallow  wells  at  Williamsburg  and  around 
Intermediate  Lake.  There  is,  however,  a  possibility  that  these  shallow 
wells  are  supplied  by  water  rising  from  considerable  depths. 

The  observations  on  temperatures  were  taken  by  several  ther- 
mometers which  have  not  as  yet  been  standardized.  They  were, 
however,  compared  by  tests  made  on  the  same  wells  at  Ann  Arbor 
and  found  to  agree  within  a  fraction  of  a  degree.  Errors  from  this 
source  are  not  likely,  therefore,  to  be  apprexjiable. 

In  the  table  below  the  general  averages  of  air  and  water  tempera- 
tures are  presented  for  each  tier  of  counties,  as  in  the  rainfall  tabic 
already  given,  the  counties  being  of  the  uniform  width  of  24  miles. 
The  excess  of  the  water  temperature  above  the  air  temperature  is  prob- 
ably in  larg(^  part  due  to  the  blanketing  effect  of  snow,  which  pre- 
vents th(»  earth  from  reaching  the  low  temperature  which  the  severity 
of  winter  might  otherwise  give  it.  The  extent  to  which  this  and 
otlier  factors,  such  as  the  topography,  the  character  of  the  soil,  etc., 
apply,  is  a  matter  difficult  of  determination. 

Genenil  averagts  of  air  and  toakr  temjreratiwes  in  ilu  SoiUheni  Peninstda  of  Mickigan. 

[  Doj^rei's  F.] 


Air. 


'   Exce88 
water.  I  »J-^ 
ture. 


First  or  southern  tior  (Monroe  to  Berrien  Toiinty) 48. 25  I       M. 25  i  4 

Second  tier  (Wayne  to  Van  Biirp.n  County) 48.1 

Third  tier  (Macomb  to  Allegan  County) '  47.0 

Fourth  tier  (St.  Clair  to  Ottawa  County) 46.4 

Fifth  tier  (Sanilac  to  Muskegon  County) 46. 5 

Sixth  tier  ( IJay  to  Oceana  County) 45. 5 

Seventh  tier  ( Arenac  to  Mason  Countv^ 44. 5 

Eighth  tier  (IostN>  to  Manistee  County) ^\A 

Ninth  tier  (Alcona  to  Benzio  County) 43. 6 

Tenth  tier  (Alj)ena  to  Ix>olanau  County) 41.3 


51.3  i  3-5 

50.3  i  3.* 
SO.  1  3.  j! 

49.4  '  2.€ 
48.9  I  3.^ 

48.1  I  3.  J 

47.8  !  4.2 

47.2  I  5.« 


Eleventh  tier  ( Presque  Isle  to  Charlevoix  and  Emmet  counties) 43  46.8  3.  ^ 
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iverages  of  water  temperatures  given  in  the  above  table  are 
n  the  temperatures  of  strong  wells  which  appear  to  have  been 
to  little  surface  heating.     They  fall  slightly  below  an  aver- 
ted on  all  the  wells,  weak  and  strong.     The  accompanying 


S^     E^2    ^ 


A-TtoSO  ^8  to  51      ,  ^9  to  52 

*.o  •-.o  ep  »e  miles 


50  to  53 

2.    Ceiioral  average  of  (lowing-woll  t«Mni»<Tutun>s  in  the  Sotithoni  IVninsuhi  «»f  Michipan. 


i^.  2)  presents  th(»  rc^sults  of  a  <rr()upin<j;  of  all  tlio  wells  except 
hat  are  known  to  Ix*  subject  to  surface*  lioatin^. 
thly  observations  were  made  l)ctwo(»n  May,   1!)()4,  and  May, 
t  Ann  Arbor,  Mich.,  on  \ho  temperature  of  spriw^i^s  awdw^VVs^  ^i 
<clwsse.s,  an  attempt  hcino;  inade  to  inckide  a\\  l\\c  c\vvssvi^  \\y\Xvvcl 
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easy  reach  of  the  city.  Three  springs  were  selected — one  on  Sta 
street  issiiinjr  from  the  base  of  a  gravel  deposit,  another  on  the  Whi 
e^late  west  of  the  city  issuing  from  the  base  of  a  till  bluff,  and  a  thi 
which  bubbles  up  from  the  bed  of  a  ravine  on  the  Rash  property 
the  western  part  of  the  city.  Five  shallow  dug  wells  and  one  de< 
dug  well  were  taken  because  of  the  various  conditions  which  tbc 
inchulo,  one  being  in  a  ravine,  another  on  the  brow  of  a  bluff,  anoth 
on  a  gravel  terrace,  and  two  others  on  an  elevated  moraine,  one  beii 
covered  and  the  other  open.  The  deep  dug  well  maintains  a  wal 
l(»vel  40  feet  below  the  surface,  while  the  shallow  wells  have  wat 
witliin  5  to  22  feet  of  the  surface.  Two  shallow  tubular  wells,  in  oi 
of  which  the  water  stands  near  the  surface  and  in  the  other  at  a  depi 
of  IS  feet,  were  selectf^d,  and  two  deep  tubular  wells  which  overflow 
The  tubular  wells  showed  very-  little  range  in  temperature,  but  tl 
dug  wells  varied  greatly.  The  bubbling  spring  showed  a  steady  t^r 
perature,  while  the  springs  issuing  from  the  hillside  were  influence 
i)y  tlie  seasons.  The  lagging  of  the  effect  of  summer  heat  and  wint 
cold  was  a  matter  of  principal  interest  in  connection  with  the  ol)serv 
tions  on  the  dug  wells,  the  effect  of  the  former  culminating  in  Ocl 
ber  and  that  of  the  latter  about  April.  The  accompanying  diagrt 
(fig.  'A)  sets  fortli  this  feature,  while  the  observations  are  presented 
the  folio  whig  table: 
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LEGISLATION. 

There  are  two  important  legislative  acts  in  reference  to  Michigan 
at^r  supplies,  copies  of  which  are  presented  below: 

[Act  No.  43.  Public  Acta  of  1897;  4484-4486,  Compiled  Laws,  1897.] 

A.N  A(T  to  provide  for  the  analysis  of  water  in  use  by  the  public  in  certain  cases. 

The  ptojJe  of  Ok  State  of  Michigan  enact: 

SEfTioN  1.  That  in  any  case  where  any  city,  village,  or  towaship  in  this  State  shall  be 

oplied  with  water  for  domestic  uses  by  any  individual,  company  or  corporation,  city  or 

la^.  or  where*  there  is  within  such  city,  village,  or  township  any  water  in  swale^s,  wells, 

'fs.  or  other  places,  which  might  be  the  cause  of  disease  or  epidemic,  a  sample  of  such 

or  may  be  sent  to  the  University  of  Michigan  for  analysis,  by  the  mayor  of  such  city  or 

igr,  or  by  any  alderman  or  trustee  of  such  village,  or  by  the  supervisor  of  any  such  town- 

,  upon  the  resolution  of  the  common  council  of  such  city,  or  board  of  trust<Hss  of  such 

?«*,  or  the  to^Tiship  board  of  such  township,  for  that  purpose  duly  passed. 

rriON  2.  l^pon  receipt  of  such  sample  the  regents  of  the  University  of  Michigan  shall 

•  a  correct  analysis  of  such  sample  of  water  to  be  made,  and  a  correct  statement  of  the 
*rties  contained  therein,  with  a  further  statement  whether  or  not  such  sample  contains 
ubstance  deleterious  to  health,  and  return  such  analysis  together  with  the  statement 
^id  to  the  person  so  sending  the  same,  free  of  charge,  except  the  actual  cost  of  mat<»- 
ind  animals  used  in  making  such  analysis  and  experiment. 

TiON  3.  It  shall  be  the  duty  of  the  board  of  regents  of  the  University  of  Michigan  to 
a  n»cord  to  be  kept  of  every  sample  of  water  received  under  and  by  virtue  of  this 
:e,  and  in  no  case  shall  a  second  analysis  be  re(|uired  of  the  same  water  within  one  year 
f  in  the  case  of  the  breaking  out  of  some  disease  among  the  consumers  of  such  water, 
li«»n  only  upon  the  certificate  of  at  least  two  physicians  engaged  in  iwtive  practice  in 
community  that  in  their  opinion  such  disease  arises  from  the  use  of  said  water, 
proved  March  26,  1S97. 

[Act  107,  so-sion  of  19(k').] 

LL  to  regulate  the  use  of  art^'sian  and  other  wells  to  prevent  the  waste  of  waters 
then^froiii,  and  provide*  a  remedy  therefor. 

■  pt:ojJ(  of  the  State  of  Michigan  enact: 

-TTiox  1.  Any  artesian  or  flowing  well,  tin*  water  of  which  is  unnecessarily  allowed  to 
>  waste  in  an  unreasonabli'  niunncr  to  the  (l('{)l;'tion  or  lowering  of  the  head  or  reservoir 
)f  to  the  detriment  or  damage  of  other  wells  supplied  from  the  same  head  or  reservoir, 
l>e  deemed  a  nuisance,  and  it,s  owner  and  the  owner  of  the  land  on  which  it  is  situated 
Ix*  subject  to  all  the  actions  for  abatement  and  damages  in  favor  of  the  p<'rson  or  per- 
njured  that  an*  or  may  be  provided  by  law  for  other  nuisances  or  tortious  acts. 
T^f)X  2.  Where  any  well  is  supplied  by  a  head,  reservoir,  stratum,  or  vein,  or  by  per- 
il^ waters  common  to  other  streams  or  wells,  and  the  owner  thereof  or  his  lessee  or 
fc  puts  its  waters  to  a  use  unreasonalile  or  unnecessary,  in  view  of  the  condition  and 
ion  of  the  land  on  which  it  is  situated,  and  through  such  unreasonable  or  unnecessary 
iwers  or  depletes  the  head,  pressure,  or  supply  of  water  of  any  spring  or  well  dependent 

•  same  head,  vein,  or  stratum,  lo  the  detriment  or  injury  of  the  owner  or  any  f)erson 
>d  to  the  use  thereof,  the  well  so  unreasonably  and  unnecessarily  used  shall  hv  d(»enied 
a  luiisance.  and  its  own«>r  and  ( he  owner  of  the  land  on  wliieh  it  is  situated  shall  be  sub- 
)  all  the  actions  for  abatement  and  datiiap's  in  favor  of  the  person  or  ])ersons  injun^d 
ire  or  may  Ix*  provided  by  law  for  other  nuisaners  o;-  tortious  acts. 

TIC-N  3.  When^  any  decn«e  is  rendeird  under  this  net  declaring  any  well  a  nuisaiu'c 
s«»  of  the  waste  or  unreasonai)l('  use  of  its  waters  and  directing  t\\e  a\mUn\\v>\vV  vVwivhA, 
Jern*o  shaJl  spfc/fv  in  some  pnici icnhlo  /jjann<'r  the  daily  amount  or  vo\v\uw-  o\  >N«A>it 
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that  may  Iw  iis<^d  or  allowed  to  flow  tlion»froni  without  violating  such  docrw,  and  spedh 
sucli  rr»u<onal)l«'  time  as  to  tho  court  shall  s<*oin  just  within  which  the  provisions  themrf 
shall  Im'  i-arriod  into  ('(Ic'ct :  /Voj-/</rJ,  That  any  such  decrw  may  be  reopened  at  anytime 
after  ciitrv  on  the  cjucsfion  of  reasonable  use  on  a  proper  showing  of  change  of  circuin- 
stance's  or  other  ecjuitahle  reast)n  then'for.    ' 

FLOWINCi  WEMS. 

Altlic)ii<rh  tho  nuinlxT  of  flowing-well  districts  already  exceeds  300, 
it  is  prol)al)l(»  that  many  more  can  he  developed  m  low  places  either 
anion*;  or  alon^i:  the  horders  of  the  moraines  and  in  the  valleys  of 
stn»ams.  The  fact  that  wells  are  usually  placed  near  the  dwellings 
and  that  the  sites  of  the  dwellinti:s  are  naturally  on  well-drained  and 
usually  elevated  i)oints  accoimt  for  the  small  amount  of  testing  that 
has  heen  made  on  the  lower  land,  where  flows  might  be  expected. 

The  llowinj;  wells  already  in  operation  have  been  put  to  compara- 
tively little  iis(»  and  there  seems  to  be  a  general  lack  of  appreciation  of 
the  ap|)licat  ions  that  can  be  made  of  these  fountains.  It  is  a  conunon 
thing  to  (ind  flowing  wells  running  to  waste  in  dooryards  in  niral dis- 
tricts in  s(»asons  of  drought  when  the  gardens  and  lawns  are  suffering 
for  lack  of  wtiter.  In  many  cases  it  would  be  necessary  only  to  attach 
a  liose  to  obtain  means  for  proi)erly  irrigating  the  premises.  The 
wastcMl  water  might  also  in  some  instances,  by  the  installation  of  a 
hydraulic  ram,  be  fore*  d  to  tanks  in  the  attics  of  familiouses,  whereit 
would  have  pn^ssure  necessary  for  distribution  tlu*ough  the  buildings  ' 
and  would  also  afl'ord  a  supply  for  lire  protection.  In  some  cases  the 
w(*lls  liavc  l)(»en  used  to  fill  ponds  stocked  with  fish  and  thus  yield  a 
valuable*  nvsourcc*  for  farm  and  market  -a  device  which  miglit  be  more 
generally  adopted.  Th(»  principal  use  to  which  flowing  wells  have 
becMi  |)ut,  however,  aside*  from  fm*nishing  water  for  domestic  and  farm 
use,  is  that  of  cooling  milk  in  tlu*  dairy  houses,  the  very  uniform tem- 
])erature  of  the  water  fitting  it  admirably  for  this  purpose. 

Ill  some  flowing-\N(*ll  districts  a  loss  of  liead  has  been  reported, and 
in  many  districts  individual  wells  an*  either  losing  head  or  have  fallen 
short  of  the  full  h(*a(l  customary  at  the  time  of  their  constniction. 
Where  the  loss  of  head  is  general  throughout  a  district  it  maybe 
inferred  that  there  is  an  ov(*r(levelo|)ment  by  which  the  water  is  drawn 
out  faster  than  it  can  be  sii})plied  from  tlie  surrounding  formations. 
Th(*  Ann  Arbor  waterworks  furnishes  a  cast*  in  point,  the  water  drawn 
from  th(*  small  fi(*ld  in  wliich  tlu*  wells  occur  having  been  sufficient  to 
sto|)  those  on  the  i)order  of  tlu*  fi(*ld  from  flowing.  Often  a  singk 
strong  well  on  groimd  low(*r  than  th(*  n(*ighl)oring  wells  will  draw 
down  the  h(*ad  suf[iciently  to  stop  tlu*  wells  from  flowing.  In  cases  of 
this  kind  tlu*  law  |)ertaining  to  th(*  restriction  of  artesian  wells  should 
b(*  enforced.  There  s(*ems  to  be  a  growing  a|)pr(*ciation  of  the  need 
for  checking  tlu*  flow  of  the  strong  wells  and  r(*ducing  the  wast<>  whic^ 
is  sure  in  time*  to  work  to  the  detriment  of  live  disVvwl . 
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Flowing  wells  are  often  deficient  in  head  and  rate  of  flow  because  of 
jfects  in  the  casing  which  allow  leakage  into  upper  strata  where  the 
ater  pressure  is  less  than  in  the  lower  portion  of  the  well.  The  head 
also  deficient  where  water  is  allowed  to  rise  around  the  casing.  This 
in  some  cases  due  to  imperfect  driving  of  the  casing  and  might  be 
larded  against.  Any  obstructions  either  in  the  bottom  of  the  well 
•  at  the  top  tend  to  reduce  the  head.  Instances  are  found  where, 
irough  carelessness,  wells  which  had  been  cut  off  near  the  surface  of 
le  ground  were  so  filled  by  sand  washed  in  from  above  as  to  cease 
Dwing. 

The  district  in  southeastern  Michigan  in  which  a  large  number  of 
>wing  wells  have  failed  was  investigated  and  is  reported  upon  by  Mr. 
uUer,  who  attributes  the  loss  of  head  chiefly  to  drought  and  surface 
"ainage. 

Wells  in  certain  regions  have  lost  head  through  subsurface  drainage, 
»veral  instances  of  which  are  found  in  the  coal-mining  region  border- 
ig  Saginaw  Bay.  The  extensive  pumping  necessary  to  remove 
ater  and  permit  mining  operations  to  be  carried  on  draws  down  the 
ead  for  considerable  distances  around,  and  often  deprives  the  border 
istrict  of  its  flows. 

The  conditions  under  which  flowing  wells  may  be  obtained  are  so 
arious  that  the  reader  is  referred  for  detailed  information  to  the 
pecial  reports  presented  below. 

MUNICIPAL  AND    INSTITUTIONAL  WATKU    SUPPLIES. 

In  the  entire  State  there  were  at  the  beginning  of  the  year  1906 
ibout  250  cities  and  villages  and  at  least  15  State  institutions  pro- 
vided with  waterworks  systems.  About  50  of  the  villages,  however, 
ise  water  chiefly  for  fire  protection,  and  in  some  cases  they  have  no 
listribution  systems.  The  i)o[)ulation  of  the  towns  and  institutions 
)ronded  with  waterworks  aggregated  about  1,150,000  in  1900, 
^hen  the  last  Federal  census  was  taken,  but  in  most  of  the  towns 
I  large  part  of  the  people  have  not  connected  with  the  public  sup- 
)lies  and  still  continue  the  use  oi  private  wells.  On  the  basis  of 
he  number  of  taps  re})orte(l  it  is  estimated  that  in  the  cities  with 
I  population  between  10,000  and  100,000  about  two-thirds  of  the 
)eople  are  connected  with  the  public  supply,  and  in  towns  of  less 
han  10,000  population  one-half  or  less  are  thus  connected,  while  in 
)etroit,  the  only  city  with  more  than  100,000  p()f)ulation,  nearly  all 
ire  connected.  From  this  it  af)pears  that  the  proba})le  actual  users 
)f  public  supplies  are  })etwoen  750,000  and  S00,()0(),  say  775,000,  or 
J2  per  cent  of  the  entire  population  of  the  State  in  1900  (2,42(),9S2). 
Df  these,  nearly  600,000,  or  al)out  21  [)er  cent  of  the  population, 
are  supplied  fnmi  surface  water  and  less  than  200,000  from  wells. 
Of  those  not  connected  with  piihVw  su|)plies  pro\)ab\y  i\oV  iwote  \\v5v.w 
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20,000  depend  upon  springs  and  surface  waters,  while  about 
l,()2o,()()0,  or  two-lliirds  of  the  State's  inhabitants,  depend  upon 
private  wells. 

There  are  37  towns  on  the  borders  of  the  State,  with  a  jwpulation 
of  about  510,000,  which  obtain  public  supplies  from  the  Great  Lakes 
and  their  connecting  streams — St.  Marys,  St.  Clair,  and  Detroit 
rivers.  The  metroi)olis,  Detroit,  with  a  population  of  about  300,000, 
is  among  the  number.  The  water  from  this  source  is  not  so  hard  as 
from  the  majority  of  the  wells,  and  is  therefore  especially  suitable 
for  l)oiler  use.  In  an  unfiltered  state  it  is  often  found  to  be  un\vhol^ 
some  and  in  some  cases  dangerous  for  drinkmg,  because  of  contami-  ' 
nation  in  the  vicinity  of  intake  pipes.  The  worst  epidemics  of  i 
typhoid  in  the  State  have  prevailed  in  towns  taking  their  supply 
from  this  source.  It  Ls  therefore  incumbent  on  the  cities  and  vil- 
lages thus  situated  to  put  in  filtration  plants  with  up-to-date  meth- 
ods of  purification.  Indeed,  all  surface  w^ater,  including  that  from 
springs,  streams,  and  inland  lakes,  should  be  properly  filtered  before 
it  is  used  for  drinking  or  other  domestic  purposes. 

Many  of  the  inland  towns  have  taken  public  suppUes  from  the 
streams  and  inland  lakes,  the  population  of  such  towns  aggregating 
al)()ut  300,000.     In  not  a  few  cases,  however,  the  domestic  use  of 
the  public  suj)j)ly  is  largely  restricted  to  closets,  baths,  and  lawn 
sprinkling,  wliile  private  wells  are  used  for  drinking,  there  being 
considerable  prejudice  against  drinking  the  pubUc  supply,  not  alone 
for  fear  of  its  contamination,  but  because  it  is  less  palatable  than 
the  well  water.     Tliis  is  especially  true  m  hot  w-eather,  when  the 
surface   water  l)ec()mes   too   warm   to   readily   quench   thirst.    The 
stn^anis  and   lakes  are  seldom  rendered  objectionable  for  drinking 
because  of  a  muddy  condition  due  to  freshets,  for  on  account  of  the 
prevalent   porosity  of  the  soil  the  rainfall  is  absorbed,  and  except 
in  clayey  districts  is  largely  supplied   to  streams  by  underground 
seepage.     Only  tlie  most   violent  rains  cause  much  disturbance  of 
the  streams.     Micliigan  Ls  mon^  highly  favored  in  this  re^i)ect  than 
the  neighl)oring  States. 

Of  the  cities  drawing  [)ul)lic  supplies  from  wells  only  5  had  in 
1  <)()()  a  population  of  more  than  10,000,  namely,  Jackson,  Kalama- 
zoo, Lansing,  Ann  Arl)or,  and  Maniste(\  The  supply  at  Jackson  is 
from  deep  wells  in  sandstone  and  probably  is  not  excelled  by  any 
city  in  the  State.  Lansing  also  obtains  its  supply  from  sandstone. 
The  three  others  obtain  supplies  from  glacial  deposits  or  from  the 
overlying  gravel.  Many  smalh^^  cities,  the  majority  of  villages  A^ith 
public  supplies,  and  several  of  the  State  institutions  are  entirely 
supplied  from  wells,  there  being  20  using  wells  in  rock  and  104  using 
wells  in  the  drift,  while  15  others  an*  supplied  in  part  from  wefe 
and  in  part  from  surface  water.     The  rock  wells  are  cluefly  froni 
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Andstone,  those  from  limestone  being  almost  wholly  restricted  to 
,he  Northern  Peninsula  and  t6  the  northern  part  of  the  Southern 
Peninsula.  Many  data  concerning  the  public  as  well  as  private 
supplies  from  wells  will  be  found  in  the  special  reports  herewith 
presented. 

WATER    SUPPLIES    OF    MUSKEGON    COUNTY. 

By  C.  D.  McLouTH. 
TOPOGRAPHY.a 

Muskegon  County  borders  Lake  Michigan  near  the  middle  of  the 
east  side  of  the  lake,  the  city  of  Muskegon  being  the  county  seat. 
It  is  drained  centrally  by  Muskegon  River,  while  White  River  crosses 
its  northwest  comer  and  Crooked  Creek,  a  tributary  of  Grand  River, 
its  southeast  comer.  Along  the  shore  of  Lake  Michigan  are  several 
wide-mouthed  streams,  some  of  which  head  but  a  few  miles  mland. 
Muskegon  and  White  rivers  also  enter  lakes  near  their  mouths.  The 
county  is  very  largely  a  sand  plain,  though  there  are  prominent 
moraines  in  the  eastern  end  and  weaker  ones  in  the  northwestern 
part,  in  which  productive  land  is  found.  On  the  sand  plains  water 
is  ordinarily  obtained  at  depths  of  25  to  50  feet,  the  water  table 
being  in  hannony  with  neighboring  streams,  but  on  the  moraines 
the  wells  vary  greatly  in  depth  within  short  distances,  irrespective 
of  elevation,  because  of  the  irregular  distribution  of  water  beds. 

WATER-DISTRIBUTING    SYSTEMS. 

In  Muskegon  County  four  communities  have  public  distributing 
systems,  viz,  Muskegon,  North  Muskegon,  Wliitehall,  and  Montague, 
while  Casnovia  has  fire  cisterns.  In  all  of  those  the  water  is  used 
for  fire  protection  and  for  lawns  and  gardens,  and  in  all  except  Mon- 
tague and  Casnovia  for  general  domestic  use  as  well.  In  Muskegon 
a  a)nsiderable  quantity  of  the  water  is  used  for  general  mill  pur- 
poses.    In  Whitehall  such  use  is  limited  to  refilling  boilers. 

In  the  Muskegon  system  water  flows  from  the  lake  by  gravity 
into  two  wells  at  the  pumphig  station,  from  which  it  is  distributed 
by  direct  pressure  through  4  miles  of  24-inch,  2  miles  of  IG-inch, 
Smiles  of  12-inch,  1  mile  of  10-inch,  1  mile  of  8-inch,  20  miles  of 
6-inch,  and  11  miles  of  4-inch  mains. 

At  Whitehall  the  ordinary  supply  is  pumped  from  four  wells 
described  on  pages  28-29.  The  water  is  stored  in  large  tanks,  from 
which  it  is  drawn  and  fon^ed  through  the  mains  by  a  pump  larger 
than  those  working  in  tlie  wells.  Before  the  wells  were  opened  the 
supply  was  drawn  from  Wliite  Lake,  and  the  old  intake  is  still  con- 

a  By  Frank  /^verett. 
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nected  with  the  distributing  pump  and  is  used  in  case  of  fire  or  other 
emergencies. 

At  Montague  water  from  a  small  brook  is  collected  above  a  dtn 
and  pumped  into  the  mains. 

Casnovia  has  a  municipal  supply  stored  in  cisterns  for  use  in  6k 
protection. 

The  following  table  gives  the  statistics  for  the  waterworks  systems 
in  the  towns.  All  are  owned,  by  the  municipality  and  all  use  steam 
power  for  pumping. 

Statintics  of  water-dudrihuling  systems,  Muskegon  County. 


Town. 


Popu- i 
'  lution     Soureo  of  water. 
(1900). 


Depth 

of 

well. 


Water 
bed. 


i  Feet. 

Muskegon 20, 818  |  I .ake  Michif^n, at !         20 

41  feet.  I 

North  Muskegon.        513  :  Bear  Lake,  at  7  ,  None.   . 

i      feet. 
Whitehall 1,4X1     Four  wells i         67    . 


Montague. 


Town. 


Sand 

...do... 
do».. 
l«s  ;  Brook resen'oir. ;  Mucky.. 


Quality  of  water.  I 

I 
Medium  hard... 

Soft 

Medium  soft 

Soft 


Pomp. 


HoUy  yntial 

Walker. 

Downlfd«9«r!: 
dmiMe-iciinK. 


Pressure. 


I 


Muskegon 

North  Muskegon. 

WhitehuU 

Montague 


Pounds 
040 


n 


<-40 
bl60  I 

CM) 

hl2() 
6170 


Daily  ca- 
pacity. 

Gallons. 
6,000,000  I 

1,000,000  . 

72,000 


'""-•idSru. 


Taps. 


Coiit. 


Wltel 

boilt 


,  Miles.  J 
48 

5 

4 
1.5 


600 

40 

40 
17 


21,000 
175 
160 


28,000      ^ 
30,000      W 


a  Domestic. 


*Flre.  c  Ordinary. 

MISCELLANEOUS  VILLAGE  SUPPLIES. 

VilUnje  supjiies  in  Muskegon  County. 


Depth  of  wells. 

Depth 

to 
water 
bed. 

IlMd. 

Town. 

Source. 

From— 

To- 

Feet. 
30 
20 
100 

30 
35 
130 
20 
32 

ELLS 

CMENT. 

Com- 
mon. 

Feel. 
25 
20 

8pfii«»- 

Bailey 

Canada  Comers... . 
Casnovia 

Onen  and  driven  wells 

wolls  and  springs 

()]M'n  and  driven  wells;  cis- 
terns for  fire. 

Driven  wells 

Driven  wells  and  lakes 

Bored  wells 

Driven  wells 

Feet. 
10 
9 
2;-> 

25 
25 
10 
12 
24 

Feet. 
30 
20 

Fed. 
-15 

SiittlL 

Holton 

Lake  IIari)or 

Uavonnu 

Slocuni 

25 
30 
30 

25 
30 
130 

SnuS.' 

Do- 
Hcdio.' 

Sullivjjn 

do 

-20 

None. 

FLOWING   W 

GENERAL   8TATI 

\. 

The  flowing  wolLs  known  in  tliis  county  seem  to  indicate  sevem^  i 
tricts,  which  may  bo  designated  (1)  AVhite  Lake,  (2)  Muskegon  L*ai' 
(3)  Lake  Harbor,  (4)  Spring  Lake,  (5)  Moorland,  (6)  FruitlanA ,  a» 
(7)  Casnovia. 
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rhe  first  four  of  the  districts  named  are  very  much  aUke  in  surface 
itures.  Each  includes  a  lake,  from  wliich  it  is  named,  and  the  nar- 
w  shore  margins  and  the  underlying  portions  of  the  more  or  less 
tensive  marshes  and  river  valleys  continuous  therewith.  The  elon- 
,ted  lake  troughs  all  have  a  general  direction  from  northeast  to 
uthwe^t  and  extend  from  about  4  to  7  miles  inland  from  Lake 
ichigan,  into  wliich  all  have  outlets.  The  principal  feeders  of  these 
kes  enter  through  marshes  and  the  valleys  in  which  they  flow 
Jiibit  such  features  of  continuity  with  those  of  the  lakes  as  to  leave 
tie  doubt  that  the  lakes  are  but  drowned  valleys  where  the  streams 
ic^  flowed  directly  into  Lake  Michigan,  when  its  level  was  lower  rela- 
velj  to  the  land  surface.  The  land  in  the  region  including  these 
stricts  is  mostly  a  plain  of  glacial  sand,  having  an  elevation  of  about 
I  feet**  at  the  north  and  descending  gradually  to  lake  level  at  the 
uth.  A  moraine  traverses  all  these  districts,  except  perhaps  that 
Spring  Lake  at  the  extreme  south,  its  prominence  compared  with 
e  sand  plain  being  much  greater  northward.  Throughout  this 
^on  the  surface  stratum  of  coarse  sand  generally  extends  to  some 
pth  below  the  lake  surface,  consequently  the  water  that  falls  upon 
e  land  in  the  vicinity  of  the  lakes  and  their  larger  tributary  streams 
ters  down  near  to  surface  level  of  the  lakes,  thus  making  the  water 
ble  low. 

The  other  throe  districts  differ  from  the  lake  districts  so  greatly  and 
ve  so  little  in  common  among  themselves  that  no  general  description 
applicable. 

WHITE    LAKE   DI8TEICT. 

Topography. — In  the  vicinity  of  White  Lake  the  crest  of  the  moraine 
>t  medium  height  and  has  a  general  direction  nearly  at  right  angles 
the  length  of  the  lake.  It  is  intercepted  by  the  marsh,  White 
r'er  seeming  to  have  cut  a  gap  about  1 J  miles  long  in  the  moraine, 
iitagiie  lies  north  from  the  head  of  the  lake  and  W^hitehall  on  the 
t  about  a  mile  down  the  lake.  The  crest  of  the  moraine  lies  out- 
O!  both  corporation  limits,  running  northward  on  the  east  side  of 
litehall  and  nearly  northwest  on  the  north  side  of  Montague.  The 
rainic  till,  at  an  elevation  of  about  50  feet,  extends  into  the  north- 
L  part  of  Montague  and  to  the  lake  bluff  in  the  northern  part  of 
utehall,  constituting  perhaps  one-half  the  area  of  the  latter  place. 
>ni  White  Lake  to  Lake  Michigan  the  surface  is  mostly  a  sand 
*u,  which  is  50  or  more  feet  above  lake  level  where  it  meets  White 
^e,  in  the  vicinity  of  Montague,  and  seems  to  overlap  the  edge  of 
moraine.  The  same  sandy  features  continue  to  the  south  and 
^  of  the  lake,  but  with  loss  even  surface. 

a  All  altitudes,  unless  othcn^iso  NtuttKi.  arc  given  In  feet  ahovc  Lako  Michigan. 
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ll>//,s*.--All  the  wells,  except  one  at  the  United  States  life-saving 
station  at  Lake  Michigan,  are  in  Montague  and  Whitehall.  Thus  a 
large  part  of  the  district  is  undeveloped.  Most  of  these  wells  are 
situated  near  the  border  of  White  Lake,  the  farthest  being  not  more 
than  1 ,000  feet  from  the  water  margin,  and  a  number  are  on  docks 
built  into  the  lake.  More  than  one-half  of  the  wells  are  less  than  5 
feet  above  Lake  Michigan.  The  shallower  ones,  which  are  also  the 
most  remote  from  the  lake  shore,  are  on  higher  ground,  between  10 
and  15  feet  above  lake  level. 

The  wells  which  have  flowed  in  this  district  number  somewhat  more 
than  25.  Most  of  them  are  still  active  and  yield  about  70,000  gallons 
daily,  including  50,000  gallons  pumped  from  four  wells  at  the  Whitehall 
municipal  plant. 

The  depth  of  the  wells  varies  greatly.  The  shallower  ones  referred 
to  above  are  near  the  edge  of  the  moraine  in  Montague  and  vary  from 
28  to  40  feet  in  depth,  one  of  them  being  possibly  only  18  feet.  There 
are  eight  wells  clearly  belonging  to  this  group. 

The  most  satisfactory  record  obtained  was  that  for  the  well  in  the 
village  hall,  driven  by  R.  D.  Hall,  the  village  marshal,  in  the  autumn 
of  1903.     The  record  follows: 

Record  ofweU  at  MorUamie. 

Depth  (teet). 

Muck 4-0 

Red  clay ^ 

(Juicksand 7-^    I 

Blupclay 15    | 

Fine  sand,  coarse  sand,  and  water. 

AnothcT  well  which  should  probably  be  classed  with  those  just 
described  is  in  the  Montague  iron  works,  about  400  feet  toward  th® 
lake  from  the  village  hall  well.  Its  record  is  very  indefinite,  although 
it  was  driven  in  the  spring  of  1904  and  is  the  latest  well  opened  ^ 
that  vicinity.  The  depth  is  stated  to  be  between  40  and  50  feet.  I^ 
is  remarkable  in  having  water  which  stands  several  feet  lower  tha^ 
in  (ho  otliors.     The  water  from  all  these  wells  is  soft. 

Xoarer  the  lake  and  on  lower  ground  are  two  old  wells  said  to  ^ 
l)ot\voen  60  and  70  feet  in  depth,  both  of  wliich  are  more  "sulphury 
and  ''  irony. "  No  definite  records  were  obtained.  The  temperatures 
were  0.5°  and  1 .5°  C.  higher  than  that  of  the  water  from  the  well  in  th^ 
village  hall,  the  diffen^nce  of  1°  between  the  two  evidently  beil^ 
caused  partly  by  unequal  exposure. 

On  the  Whitehall  side  the  four  6-inch  wells  from  which  the  villa^g^ 
supply  is  pumped  are  67  feet  deep,  the  strata  being  as  follows: 

Record  of  Whitehall  riUaqe  vxUs. 

Depth  (fc^*^ 

Sand '. ^ 

BIikmImv -^ 

Sand ^ 
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About  one-half  of  the  wells  in  Whitehall  are  stated  to  have  depths 
running  between  55  and  70  feet,  and  presumably  their  records  are 
represented  in  a  general  way  by  that  of  the  village  weUs.  The  well  of 
the  Nufer  Cedar  Company,  located  some  700  feet  southwest  from  the 
pumping  station,  may  be  taken  as  an  example.  Its  elevation  is  sev- 
eral feet  lower  and  its  depth  57  feet,  all  through  blue  clay  below  a 
level  10  feet  lower  than  that  of  the  water  of  White  Lake. 

The  deepest  well  found  is  the  one  at  the  life-saving  station.  This 
has  a  well-authenticated  depth  of  153  feet,  entirely  through  blue  clay 
helow  12  feet.  The  nature  of  the  water  bed  is  not  known.  The  well 
was  driven  by  W.  H.  Dennis  in  1887. 

At  the  office  of  L.  T.  Covell,  very  near  the  head  of  the  lake,  is  a  well 
129  feet  deep,  which,  so  far  as  known,  is  next  in  depth  to  the  Govern- 
ment well.  Its  water  is  decidedly  strong  in  mineral  quality.  The 
character  of  the  strata  is  not  remembered  by  the  owner,  but  he  states 
that  there  were  sand,  clay,  and  some  marl,  and  that  turbid  flowing 
water  was  found  at  54  feet.  The  well  was  driven  by  Peter  Denneau, 
of  Montague. 

It  appears,  therefore,  that  there  may  be  several  sources  of  the  flow- 
ing wells  in  this  district.  The  two  deepest  ones  must  penetrate 
nearly  to  bed  rock,  if,  indeed,  they  do  not  reach  it.  It  seems  fair  to 
suppose  that  the  shallow  wells  in  Montague  have  their  sources  in  the 
moraine  and  that  'the  veins  tapped  are  not  essentially  different  from 
those  that  break  out  in  numerous  springs  along  the  foot  of  the  bluff. 
Tlie  municipal  wells  of  Wliitehall  represent  another  class  supplied 
from  a  sand  stratum  between  strata  of  blue  clay  which  probably  lie 
Mow  the  greatest  depth  of  Wliite  Lake. 

ifr.  W.  F.  Nufer,  of  Wliitehall,  asserts  positively  that  the  first  well 

to  flow  in  tliis  district  is  the  one  farthest  to  the  south  in  Whitehall  and 

'ocated  on  the  property  of  the  New  York  Mill  Company.     It  was  put 

^^o^^^l  about  1868  by  Mr.  George  M.  Smith  of  the  firm  of  C.  A.  Alley  & 

f  o.     Its  depth  is  107  feet.     It  is  still  flowing. 

^Ir.  J.  W.  Young,  of  Montague,  claims  that  the  well  in  the  black- 
^luith  shop  at  the  comer  of  Water  and  Spring  streets  antedates  all 
'^tilers  in  Montague  and  AVhitehall.  The  well  was  dug  with  a  spade, 
^'vidently  without  expectation  of  finding  a  flow.  After  the  hole  over- 
sowed with  water  a  pipe  was  inserted  and  the  earth  was  returned. 
^Ir.  Young  places  the  date  at  1873. 

The  weU  of  Mary-  Reed  (see  p.  31)  is  stated  to  have  been  put  in 
about  1870. 

Qu/ility  and  uses  of  mater.-  -The  character  of  the  water  has  been 

referred  to  above  in  relation  to  the  various  depths.     Mr.  S.  J.  Lewis, 

<^>f  the  United  States  Geological  Survey,  analyzed  samples  from  well 

^0.  25  in  the  Montague  village  hall,  37  feet  deep,  and  from  No.  18  on 

villrtjro  property  near  Church  street,  said  to  be  62  feet  deep,  and  foimd 
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the  chlorine  content  to  be  very  low  compared  with  that  in  water  from 
Muskegon  wells.     (See  p.  37.) 

Most  of  these  wells  were  opened  to  get  water  for  drinking  purposes. 
Three  of  the  shallow  Montague  w  ells  along  Water  street  are  in  private 
hous(»s,  and  the  water  serv^es  for  general  household  uses.  Tlie  one  in 
the  Montague  iron  works  supplies  water  for  cooling.  The  water  from 
the  well  at  the  life-saving  station  is  reported  to  be  ''soff  and  suitable 
for  'family  use."  The  Wliitehall  village  supply  is  taken  in  houses, 
stores,  and  stables,  and  used  on  lawns  and  gardens,  for  fire  protection, 
and  in  the  mills  for  refilling  boilers. 

Head. — Except  in  a  \Qvy  few  case^  the  water  head  is  not  known. 
Mr.  Berndt  Carlson,  keeper  of  the  life-saving  station,  found  by  careful 
trial  that  the  water  there  would  rise  S.5  feet  above  Lake  Michigan- 
Water  from  the  well  in  Montague  village  hall  has  been  carried  in  a  pipe 
that  was  found  to  be  about  12  feet  above  the  Pere  Marquette  rail  at 
the  station,  which  indicates  a  head  of  20  feet  or  more  above  lake  levd, 
and  from  apj)earances  a  similar  head  is  present  in  the  shallow  wells, 
except  in  that  at  the  Montague  iron  works,  wliich  does  not  flow, 
although,  according  to  the  statement  of  Mr.  R.  D.  Hall,  who  was  pres- 
ent wIkmi  the  well  was  fmished,  the  w^ater  then  rose  about  2  feet  above 
ground. 

The  Whitehall  municipal  wells  now  rLse  only  a  foot  or  two  above  the 
ground,  or  about  6  or  7  feet  above  the  lake.  Mr.  J.  H.  Williams,  who 
w  as  pnvsident  of  the  village  at  the  time  the  wells  were  opene-d  in  1892, 
states  that  the  rise  then  was  fully  0  feet  above  the  ground. 

it  is  notable  that  the  wells  which  are  pumped,  viz,  those  at  the 
Whitehall  plant  and  the  Montague  ironworks,  have  suffered  a  loss  of 
head.  At  the*  iron  works  the  maxinunn  amount  pumped  per  minute 
is  estimated  at  10  gallons,  and  this  is  sometimes  continued  for  hours. 
The  sup])l\  has  not  been  noticed  to  fail.  At  Whitehall  water- 
works the  four  w(*lls  arc  ])lace(l  so  that  the  lines  joining  them  fonn  a 
trapcv.ium,  th(^  least  distance  between  two  w^ells  being  about  25  feet, 
th(*  greatest  about  oO  feet.  When  one  of  these  wells  is  pmnped  alone 
at  full  capacity  tlic^  water  is  lowered  slightly  in  the  others.  When  all 
the  wells  arc  in  good  order  and  are  pumped  simultaneously  the  yield 
per  well  is  estimated  at  about  SO  per  cent  of  that  when  pumped  singly. 

The  opening  of  these  w(»lls  caus(Ml  a  striking  instance  of  loss  of  head 
in  a  well  located  about  200  f(M^t  northward  and  owned  at  that  time  by 
Mr.  A.  T.  LindcMinan.  This  well  was  S2  feet  deep  and  would  flow  at  a 
height  a  little  above  ground,  l)ut  cc'ased  when  the  village  wells  began 
to  (low.  The  depleted  well  appears  to  be  on  slightly  liigher  ground. 
It  is  stated  that  by  digging  down  and  lowering  the  pipe  the  water  was 
found  to  hav(^  fallen  about  4  feet,  and  that  the  How  was  kept  up  at  the 
lower  level  for  a  time.     The  well  is  now  not  in  use. 
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About  120  feet  still  farther  north  is  a  flowing  well  formerly  owned 
Y  Charles  Johnson,  but  now  the  property  of  E.  Duttenhoefer.  The 
3w  of  this  well  was  diminished  at  the  same  time  as  that  of  the  Linder- 
lan  well,  but  not  to  so  great  a  degree.     It  does  not  flow  at  present. 

Many  of  the  wells  continue  to  yield  water  nearly  or  quite  as 
bundantly  as  when  they  were  put  in.  A  well  by  the  mill  of  L.  T. 
ovell,  which  was  flowing  about  5  gallons  a  minute  in  the  suinmer  of 
900,  was  not  flowing  in  November,  1904.  The  cause  is  not  known, 
lie  flow^  of  the  well  at  the  life-saving  station  is  stated  to  have  dimin- 
ihed.  A  well  at  the  comer  of  Colby  and  Lake  streets  in  Whitehall, 
wned  by  Mary  Reed,  was  put  in  about  the  year  1870  and  had  ceased 
3  flow  about  ten  years  ago  from  accumulation  of  sand  and  silt. 
Hien  it  was  pumpe<i  out,  the  flow  was  restored,  and  it  now  yields 
bout  one-half  gallon  a  minute.  The  pipe  is  4  J  inches  in  diameter  and 
he  depth  96  feet.  This  is  possibly  the  oldest  flowing  well  in  the  dis- 
rict,  although  the  claim  it  disputed. 

In  November,  1904,  three  of  the  Whitehall  public  wells  were  useless, 
nd  the  entire  ordinary  supply  was  being  drawn  from  one  well.  In 
'ebruary  following  one  of  the  three  was  being  pumped  with  a  mod- 
rate  yield.  The  cause  of  stoppage  was  not  definitely  known.  Mr. 
Jharles  Deane,  the  engineer,  thought  that  ''magnesia'^  had  accumu- 
ated  on  the  sieves  and  that  this,  w^ith  the  fine  sand  in  which  the  sieves 
ie,  effectively  clogged  the  meshes  when  the  pressure  of  the  pump  was 
ipplied.     Mr.  Deane  asserts  that  the  sieves  do  not  corrode. 

Cost  of  wells. — A  few  tvpical  wells  cost  as  follows: 

Cost  of  wells  in  White  Lake  district. 


Owner. 


Inited  States  Life-Saving  Ser\'lcc. 

Montague  viliaj^fo 

Nnler  (.'erlar  Co 

Whitehall  viUage 


1 

1             Cost. 

Depth.  1 

]>lttni- 
eter. 

Total.     IVr 

foot. 

r.e,.  ' 

fnrhrs. 

l.V?  , 

') 

$174  1 

$1.20 

37  I 

2 

1          '•^'' 

.()7 

2. '» 

.'»7  ' 

1.00 

no 

1 

- 

100 

.01 

MUSKEGON  LAKE    DISTRICT. 

Topography, — The  moraine  occurs  here  nearly  parallel  to  the  shore 
of  Lake  Michigan  and  about  3  miles  inland.  It  is  decidedly  lower  than 
it  is  to  the  north,  barely  exceeding  55  feet  at  its  greatest  elevation,  and 
being  entirely  covered  by  sand  except  at  a  prominence  on  the  south 
shore  of  Muskegon  Lake,  known  locally  as  ^^  Brewery  II ill."  About  1 
niile  of  the  moraine  has  ])een  cut  out  in  forming  the  trough  occupied 
by  Muskegon  Lake,  and  the  section  of  the  bluff  where  the  moraine 
nieets  the  lake  on  the  north  side  shows  20  feet  of  sand  overlying  the 
ridge. 


32         WELLS   AND    WATER   SUPPLIES   IN   SOUTHERN    MICHIGAN. 

This  district  properly  includes  Bear  Lake^  a  tributarj-  of  Muskeg( 
Lake  from  the  north.  The  water  head,  as  shown  below,  se^ms 
decrease  toward  the  upper  end  o]p  Muskegon  Lake,  and  the  saii 
decrease  continued  would  extinguish  it  2  or  3  miles  upstream  from  tl 
head  of  the  lake,  thus  making  the  limit  of  the  district  some  10  mil( 
inland  from  Lake  Michigan.  These  indications,  however,  are  nc 
borne  out  by  a  well  belonging  to  Leon  J.  Smith  in  the  marsh  in  th 
NE.  }  sec.  17,  T.  10  N.,  R.  16  W.  The  well  is  about  2  miles  northeas 
from  the  uj)per  well  in  the  lake  proper  and  flowed  with  a  head  of  l: 
feet  when  first  opened  in  1898.  The  surface  is  probably  not  less  thai 
6  feet  above  the  lake,  thus  making  the  head  above  the  lake  about  1^ 
feet.  It  would  seem,  therefore,  that  the  river  valley  may  be  exi)ecte(] 
to  afford  flowing  wells  for  many  miles  up. 

Well^. — With  ver}^  few  exceptions,  the  wells  in  this  district  are  on  th( 
water  side  of  the  original  shore  line.  They  were  located  on  docks  anc 
built  land  adjacent  to  the  sawmills  to  furnish  drinking  water  for  the 
mill  crews,  and  their  elevations  therefore  are  generally  very  lo^r 
The  liighest  well,  which  belongs  to  Frank  Alberts,  is  on  the  north  shon 
of  Muskegon  Lake,  on  natural  land  9.5  feet  above  the  lake. 

About  15  flowing  wells  have  been  opened  here.  The  total  natura 
flow  of  water  from  those  remaining  active  is  about  15,000  gailom 
daily,  to  which  must  be  added  50,000  to  100,000  gallons  pumped  fron 
the  well  at  the  plant  of  the  Central  Paper  Company.  About  10  weH 
are  now  flowing. 

In  this  district  most  of  the  wells  are  so  old  that  reliable  informatioi 
as  to  their  strata  is  not  obtainable.  Three  comparatively  new  wells 
two  on  the  north  side  and  one  on  the  south  side  of  the  lake,  have  records 
that  are  presumed  to  bo  accurate.  Of  these  three,  the  one  on  the  soutl 
shore,  owned  by  the  Central  Paper  Company,  located  in  the  SW.  3 
NW.  }  sec.  85,  T.  10  N.,  K.  17  W.,  has  a  record  as  follows: 

Record  of  u.rll  of  Central  Paper  Company ,  Muskegon. 


Thickness.'   ToUl. 


I  Feet.  Feet. 

Sand i  40  I  ^ 

HI t M'  cIji  V  (in kc  chi  V ?; 197  23^ 

Hunlpau 2  i  2S 

Saiulstoiu' I  57  29< 


Dopth  to  wattT,  237  fool.    Surfjioo  oU'viition,  13  foet  above  Lake  Michigan. 

Across  the  lake,  2  miles  slightly  east  of  north  from  the  site  of  the 
paper  mill,  in  the  wSE.  \  sec.  28,  T.  10  X.,  K.  17  W.,  is  a  well  on  land 
owned  by  Dr.  J.  G.  Jackson,  which  was  drilled  by  C.  C.  Jacks  in  Decern- 
l)er,  1901.     The  record  stated  for  this  well  is  as  follows: 
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Record  of  Jackson  well  near  North  Muskegon. 
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Thickness. 

Feet. 
50 
3 

7 
2 
170 
2 
2 
1 

Total. 

>bably  morainic  till) 

Feet. 
50 

id 

53 

60 

id 

62 

sbably  marly  lake  clay) 

232 

in  " 

234 

itcrial " 

235 

in  " 

237 

I  elevation,  1.5  feet  above  Lake  Michigan. 


!  tliird  recent  well  is  4  miles  nearly  due  northeast  from  the  paper 
Q  the  SE.  }  NW.  }  sec.  18,  T.  10  N.,  R.  16  W.  It  was  drilled 
)w  &  Campbell  by  C.  C.  Jacks  in  1901.  The  record  was  given  as 
s: 

Record  of  Gow  dk  Campbell  weU,  Mxtskegon. 


I  Thickness.     Total. 

I  I 


Feet. 
40 
164.5 

1 
1.5 


Feet. 
40 

204.5 
205.5 
207 


e  elevation,  Lake  Michigan  level. 

y  surface  stratum  of  clay  in  the  Jackson  well  is  doubtless  the  edge 
moraine  of  till,  the  crest  of  which  lies  about  one-half  mile  east 
a  cover  of  sand,  as  stated  above.  The  well  is  by  tlie  edge  of  the 
at  the  outlet  of  Bear  Lake,  where  the  sand  cover  has  been  worn 
The  other  two  wells  are  probably  beyond  the  extent  of  the 
ne,  one  west,  the  other  oast. 

irly  due  south,  1  \  miles  from  the  Gow  &  Campbell  well  and  about 
s  east-northeast  of  the  paper  mill  well,  is  a  deep  hole,  drilled 
lI  years  ago  in  search  for  oil.  The  record  was  carefully  taken  and 
ollows : 

Record  of  well  about  d  miles  east-northeast  of  jHijyer  mill,  Muskegon. 


Thic'knoss.      Total. 


Feet. 


y(?).... 

tiardpan ' 


Cm 
10 


Fcft. 


(m 
22') 

2.r. 


^  plevation.  about  10  feet  above  Lake  Mirhipm. 

i  four  records  given  exhil)it  a  uniformity  tliat  is  significant.  The 
ilateral  drawn  with  the  wells  at  tlio  angles  includes  about  one- 
f  Muskegon  Lake  and  more  than  50  per  cent  of  the  deej)  wells 
borders.  It  is  pr()l)a])le  that  the  records  of  all  the  wells  are 
lially  Hke  those  given.     The  bed  rock  penetrated  in   the   two 


34         WELLS   AND    WATER   SUPPLIES   IN    SOUTHERN    MICHIGAN. 

borings  on  the  south  side  is  a  white  micaceous  sandstone  of  the  Mar- 
shall group.  None  of  the  (lowing  wells  are  known  to  extend  into  this 
rock,  but  it  is  presumed  that  all,  with  one  exception,  reach  it  and 
that  it  forms  their  water  bed.  The  water  pumped  from  the  well  at 
the  paper  mill  is  evidently  from  the  same  source  and  would  florif  the 
elevation  of  the  well  were  a  few  feet  less. 

The  exceptional  well  to  which  reference  has  just  been  made  is  in 
the  shade-roller  factory  of  the  Stewart  Hartshorn  Company,  near  the 
foot  of  '^Brewery  Hill,"  mentioned  above  as  a  conspicuous  part  of  the 
moraine.  The  well  is  57  feet  deep,  and  the  strata  penetrated  were 
given  as  follows  by  Hubert  Young,  the  driller: 

Ueconl  ofurll  ofSieuxirt  Hartshorn  Company,  Muskegon. 


Thickness.'   ToUL 

I 


Sawdust 

Lako  wiiKl 

Marly  day 

Sand  and  clay 

Sand  and  gravol 

Open  wa  tor-boa  ring  .«and. 

Quicksand 

Sand  and  clay 


Feft.      '    FttL 

7  .  7 

10,  17 

10  I  27 

3i  30 

10  '  « 

3 1  a 


At  40  feet  water  was  found  that  rose  about  6  feet  above  Lake  Mich- 
igan.    At  57  feet  the  head  was  about  10  feet. 

Assuming  the  depths  of  wells  approximately  correct  as  given,  the 
inference  follows  that  there  is  a  general  and  decided  dip  of  bed  rock 
to  tli(»  west,  but  by  comparison  of  the  two  most  reliable  records  only 
(those  of  the  exj)erim(»ntal  oil  well  and  the  paper-mill  well)  the  dip 
aj)pears  much  l(\ss. 

Ilvad.  T1h»  liead  evidently  varies  somewhat  in  the  wells  of  this 
district,  apix^aring  to  rise  westward  and  northward.  The  highest  rise 
of  water  was  ol)serv(Ml  at  the  Alberts  well,  located  near  the  mouth  of 
(IrcMMie  ("rcM^v  in  the  NW.  \  NW.  }  sec.  22,  T.  10  N.,  R.  17  W.,  where 
then*  is  a  strong  How  of  water  at  about  12  feet  above  Lake  Michigan. 
The  owner  statcvs  that  about  twenty  years  ago  the  water  from  this  well 
was  pi|)e(l  into  the  second  story  of  a  boarding  house  near  by,  rising  18 
feet  above  the  surface  or  about  10  feet  above  the  present  exit,  making 
about  2S  f(MM  above  Lake  Michigan.  The  statement  of  Mr.  Alberts 
can  be  (juestioned  only  on  \]w  supposition  that  the  house  stood  on 
somewhat  lower  ground,  so  that  Jie  was  deceived  as  to  the  actual 
height.  A  man  living  near  the  well  states  tliat  the  present  head  is 
about  15  feet  above  Lake  Michigan. 

At  the  pai)er-niill  well,  nearly  2.\  miles  to  the  south,  the  rise  of 
water  is  ])etween  10  and  12  feet  above  the  lake.  At  the  Jackson  well 
somewhat  less  than  a  mile  south  of  east,  the  liead  is  about  9  feet. 
Foui"  miles  north  of  east  from  the  Alberts  well,  one  of  the  Gow  & 
Ciunp})cU  wells,  on  the  site  of  a  mi\lformeT\y  o\><^TaV^<\V>x  ^oVw'^ov 


MUSKEGON    COUNTY.  35 

had  a  head  of  7  feet  at  the  time  of  Mr.  Torrent's  ownership.  At 
ell  of  the  Racine  Boat  Company,  about  3  miles  up  the  lake  from 
>aper  mill,  the  head  is  7i  feet.  This  well  is  3  miles  from  the 
:ts  well  also,  and  thus  indicates  a  loss  of  head  of  about  1  foot  a 
northeastward  and  of  somewhat  more  than  twice  that  amount 
leastward. 

ry  few  instances  can  be  found  in  tliis  district  in  which  a  well  is 
n  with  certainty  to  have  lessened  the  flow  or  lowered  the  head 
lers.  As  indicated  before,  the  Alberts  well  (No.  6)  has  undoubt- 
decreased  in  both  flow  and  head.  The  owner  believes  that  the 
leaks  underground,  but  whether  the  change  is  due  wholly  to  this 
the  tapping  of  the  water  bed  in  a  number  of  other  places  is 
rtain. 

•out  200  feet  from  the  paper-mill  well  and  on  the  same  premises  is 
ler  well  of  like  diameter  (8  inches),  which  was  made  about  the 
time,  but  was  drilled  to  a  depth  beyond  1 ,600  feet  in  search  of 
Only  a  trace  of  oil  was  found,  and  the  inner  tube  was  withdrawn, 
ng  the  casing,  so  that  the  water  was  admitted  at  the  bed-rock 

It  was  intended  to  use  water  from  both  wells,  but  trial  proved 
when  one  well  was  pumped  at  the  maximum  rate  of  150  gallons 
uite  the  water  was  lowered  decidedly  in  both  to  about  the  same 

It  seemed  that  nothing  was  to  be  gained  by  operating  both 
,  and  the  deeper  one  was  abandoned.  Evidence  of  free  commu- 
ion  between  the  wells  now  appears  constantly  in  the  presence  of 
ith  the  water  pumped  from  the  shallower  well, 
lien  the  well  by  the  mill  of  Gow  &  Campbell,  at  North  Muskegon, 
•pened  in  1901,  no  effect  was  noticed  in  the  flow  of  the  other  three 
in  the  immediate  vicinity.  But  when  the  new  well  was  tested, 
itting  on  a  boiler  injector,  which  drew  about  150  gallons  a  min- 
:he  flow  of  one  of  the  wells,  700  feet  distant,  ceased  wliile  the 
Lor  continued  in  action.  The  combined  natural  flow  of  the  two 
is  about  1  gallon  a  minute. 

cording  to  the  evidence  collected,  the  yield  of  wells  in  this  district 

ot  materially  changed  in  the  aggregate,  and  in  very  few  instances 

individual  wells  ceased  or  greatly  diminished  their  flow  except 

causes  having  no  relation  to  the  source  or  supply.     Well  No.  2, 

n  commonly  as  the  Blodgett  well,  has  become  isolated  from  the 

by  the  wearing  away  of  the  dock  on  which  it  was  ])uilt,  and  is 

to  have  ceased  flowing  because  of  obstructions  thrust  into  the 

r  part  of  the  pipe  by  ineddlesonio  persons.     A  case  has  been 

ioned  in  which  it  was  believed  that  leakage  in  the  pipe  had  dimin- 

the  apparent  yield.     Incrustation  doubtless  chokes  the  pipes  of 

rells  more  or  less.     Engineer  Metcalf  of  Gow  &  Campbeirs  mill 

d  that  700  feet  of  pipe  conducting  water  from  well  No.  8  was  half 

vdih  ^'magnesia"  during  one  summer. 

JBB  183— m 4 
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A  well  on  the  Magoon  &  Kimball  dock  is  stated  by  Mr.  Jacks  to  be 
choked  with  ''muck/'  by  which  he  means  a  material  like  quicksand  or 
silt  that  has  filled  the  lower  part  of  the  pipe. 

In  the  severe  winter  of  1903-4,  two  of  the  four  wells  on  the  premises 
of  Gow  &  Campbell  (Nos.  8  and  9)  stopped  flowing  for  about  two  months. 
Observ^ers  of  the  phenomenon  think  the  cessation  was  not  caused  by 
freezing  in  the  pipes. 

A  well  near  the  intersection  of  Western  avenue  and  Eighth  street 
was  probably  the  first  to  flow  in  the  district.  It  was  put  down  beyond 
2,000  feet  about  the  year  1868  by  parties  prospecting  for  salt.  llr. 
Hubert  Young  states  that  two  pipes  were  afterwards  planted  so  that 
water  was  delivered  by  one  from  a  depth  exceeding  300  feet  and  by 
the  other  from  a  shallower  source,  the  deeper  water  being  much  the 
stronger  in  mineral  qualities.  This  well  flowed  until  a  few  years  ago, 
and  furnished  an  abundant  public  supply  greatly  relished  by  horses. 
The  site  is  now  owned  by  the  Pere  Marquette  Railroad  Company  and 
is  covered  by  a  shed  used  in  storage  of  coal.  The  well  is  supposed  to 
have  been  stopped  by  plugging  the  pipe. 

Quality  and  uses  of  water. — With  a  single  known  exception  these 
numerous  wells  were  opened  to  obtain  suitable  water  for  drinking. 
Tlie  flavor  of  the  water,  which  is  variously  called  '' irony  ^'  and  "sul- 
phury^' as  well  as  salty,  is  not  pleasant  to  many  at  first,  but  becomes 
agreeable  after  continued  use.  The  healthfulness  has  always  been 
found  superior  in  comparison  with  water  obtainable  from  any  other 
source  except  Lake  Michigan.  Before  a  satisfactory  public  supply 
w  as  o])tained  for  the  town,  people  living  near  carried  water  from  these 
wells  to  their  houses.  The  w  ater  from  Doctor  Jackson's  well  is  now 
used  in  culinary  processes. 

The  water  from  the  well  of  the  Central  Paper  Company  is  used  for 
general  mill  purposes,  especially  for  cooling.  The  temperature  given 
is  11°  C.  or  51.8°  F. 

The  only  complete  analysis  found  is  that  of  the  well  belonging  to  the 
Central  Paper  (\)mpany,  which  follows: 

Analysis  of  vxiter  from  iveU  of  Central  Paper  Company ,  Muskegon. 

Vnrts  i>or  million.  Parts  per  million. 

Silica 12  Total  evaporating  residue 2202 

Alumina 22  '  Total  hardness 181 

Iron    oxido Trace.  Temporary  hardness 87 

Sulphate  of  lime 227  Permanent  hardness 94 

Carbonate  of  lime 156  Nitrites  and  nitrate.s 0 

Calcium    chloride 87  Phosphoric  acid Present 

Mafrnesium  chloride 254  Free    anunonia 0 

Sodium   chloride i;^7  ,  Combined  ammonia 1.7 

I  Albuminoid  anunonia .42' 

2065  I  Sediment 36 

Color,  none.     Appearance,  turbid.     Odor,  none.     Taste,  salty.     Reaction,  neutral. 
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On  the  following  table  are  given,  in  addition,  the  results  of  a  number 
of  partial  analyses  of  water  in  the  vicinity  of  Muskegon.  The  high 
chlorine  constituent  is  considered  as  due  to  leakage  from  deep  saline 
rock  wells  in  the  vicinity.  The  Montague  samples  were  from  wells  in 
the  village  street  sunk  to  obtain  water  for  fire  protection  and  other 
purposes.  The  data  were  furnished  by  M.  O.  Leighton,  of  the  United 
States  Geological  Survey. 

Partial  analysai  of  water  new  Muskegon  and  Montague. 
[  Parts  per  milljon.] 


Color i  Notdet.  10 

Iron  (Fe) ,  Minute  trace.  Slight  trace. 

Chlorine(Cl) 59  64 

Carbon  dioxide  (Coj) 63.32  62.88 

Sulphate  triojcide  (SOj) 83       ,  99 

Hardness  (as  CaCOj) Notdet.  1394- 


1                    5 

5 

1               Trace. 

Strong  trace. 

1.5    i 

1.5 

I  ,                 77.39 

84.86 

10 

10 

'                 139+ 

139+ 

S.  J.  Lewis,  analyst.  1.  J.  O.Jackson:  depth.  237  feet.  2.  Hackley  <fe  Hume;  depth,  230  feet.  3. 
Montague  village:  depth,  60+  feet.    4.  Montague  village:  depth,  37  feet. 

The  water  from  the  shallow  well  belonging  to  the  Stewart  Harts- 
horn Company  was  analyzed  for  sanitary  purposes  by  Davenport 
Fisher,  of  Milwaukee.     The  analysis  follows: 

AnalynU  of  water  from  vyell  ofSteuxirt  Hartsfiotm  Con\panyj  Muskegon. 
[Parts  per  million.] 

Total  polids 440  i  "  Free  ammonia '' 03 

Chlorine 33  "  Albuminoid  ummonia  " 068 

SulphatP  of  calcium 18^1      Nitrogen  as  nitrates 110 

The  following  comments  are  culled  from  a  letter  l)y  Mr.  Fisher, 
which  accompanied  the  report : 

Tile  water  is  contaminated  with  sewage  or  vault  st^epings.  *  *  ♦  The  salt,  repre- 
sented by  chlorine,  also  comes  from  the  same  source.  *  *  *  Though  such  water  may 
twsafe  for  a  long  time,  it  might  at  any  time  bring  disease  gemis  and  any  health  oflicer  would 
wndemn  it. 

LAKE    HARBOR    DISTRICT. 

Topography. — In  the  lower  portion  of  the  district  the  sand  plain 
lias  an  elevation  of  about  15  feet,  incroasin«:  gradually  away  from 
Lake  Michigan  and  reaching  about  40  foot  above  tlie  ])ed  oi  Black 
Creek  or  50  feet  above  the  lake  at  the  location  of  the  upper  well  near 
CloverviJle.  The  moraine  lies  alnmt  2  miles  iulaiul.  It  is  very  low, 
appearing  only  as  a  clay  bed  a  few  feet  under  tlie  level  sand  surface. 

HVff,<f. — Only  one  flowing  well  is  known  in  this  district.  It  is  in 
the  valley  of  Black  Creek  on  land  owned  by  Doctor  Gordon,  of  Mus- 
kegon, ill  the  NE.  }  NK.  1  sec.  2,  T.  \)  x'.,  K.  10  W.  Tins  well  is 
about  6  miles  from  the  Lake  Michigan  shore*  line  and  about  5  miles 
from  the  only  other  deej)  well  known  in  the  district. 
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No  accurate  record  of  the  well  could  be  found,  but  it  was  put  down 
to  a  depth  of  1,500  feet  or  more  in  the  season  of  1903  by  parties  pros- 
pecting for  oil.  The  elevation  is  estimated  to  be  about  6  feet  above 
the  bed  of  Black  Creek  under  the  Grand  Rapids  and  Indiana  Railroad, 
somewhat  less  than  half  a  mile  distant,  indicating  an  elevation  of 
between  15  and  18  feet  above  Lake  Michigan.  Bed  rock  is  stated  to 
be  more  than  300  feet  below  the  surface,  and  the  water  is  thought  to 
come  from  a  crevice  in  the  rock  at  a  depth  of  340  feet.  The  tempera- 
ture is  11°  C,  or  51.8°  F.,  which  would  indicate  a  depth  of  not  more 
than  250  feet. 

The  8-inch  casing  put  down  to  bed  rock  by  the^  drillers  was  not 
removed  and  stands  about  3  feet  above  ground.  The  inner  pipe  was 
removed  and  the  casing  plugged  at  the  top  with  a  block  of  wood, 
leaving  a  hole  about  1  inch  in  diameter.  From  this  opening  water 
gushes  up  about  10  inches,  flowing  16  gallons  a  minute,  or  nearly 
25,000  gallons  daily.  A  resident  of  the  neighborhood  asserts  that  he 
saw  the  water  rise  at  least  10  feet  above  the  surface  when  the  pipe 
was  being  driven.  This  shows  a  head  of  no  less  than  25  feet  abov< 
lake. 

The  quality  of  the  water,  judged  by  taste,  is  essentially  like  tha 
of  the  deepest  Muskegon  wells  but  probably  less  salty. 

The  only  other  deep  well  found  in  the  district  Ls  the  property  o 
the  Forest  Park  Association  and  is  located  in  the  SE.  J  SE.  J  sec.  12 
T.  i)  N.,  11.  17  W.  The  surface  is  l)etween  25  and  30  feet  above  th< 
lake  and  the  water  rises  to  about  12  feet  below  the  surface,  or  to  !• 
to  18  feet  above  tlie  lake.  The  record  given  by  C.  C.  Billinghurst  is 
Sand  15  to  18  feet,  clay  to  0  inches  from  bed  rock;  total  depth  21  i 
feet.  Tli(»  water  bed  is  called  ^'slialy,"  but  is  undoubtedly  the  sam< 
sandstone  found  in  the  Muskegon  wells.  The  w^ater  is  used  for  drink 
ing  and  ])y  some  for  cooking,  but  others  find  it  undesirable  for  th( 
latter  purpose  on  account  of  its  ''mineral'^  qualities.  When  raisec 
witli  an  ordinary  hand  pump,  the  water  has  always  been  turbid.  Ar 
attempt  to  siphon  it  over  the  lake  bluff  has  not  been  entirely  satis- 
factory, but  tli(*  turbidity  was  corrected  while  the  siphon  flow-ed.  A 
summer  population  of  about  30  people  is  supplied  from  the  well 
which  is  said  to  liave  cost  .S2r)(). 

Although  the  elevation  of  tlie  land  has  prevented  this  well  fron^ 
flowing,  it  is  believed  that  the  watc^'  is  from  the  same  source  as  that 
of  the  deep  Muskc^gon  wells  and  the  Cloverville  well.  Comparing  its 
head  with  that  of  the  latter  well  al)out  5  miles  distant,  it  is  seen  that 
there  is  an  average  gain  in  head  of  at  h'ast  1  foot  a  mile  up  the  vallej 
of  Black  Creek. 
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8FBIH0   LAKE    DI8TBICT. 

Typography. — Only  a  small  portion  of   the  upper  part  of  Spring 

liake  is  in  Muskegon  County.     The  land  Ls  generally  sandy,  with  clay 

lying  near  the  surface  in  many  places.     The  general  surface  elevation 

is  between  25  and  30  feet.     In  the  near  vicinity  of  Fruitport  village, 

where  the  wells  are  located,  water  saturates  much  of  the  soil  to  the 

surface  where  not  removed  by  artificial  drainage. 

FeHs. — ^The  only  flowing  well  found  in  the  portion  of  the  district 
lying  in  Muskegon  County  is  in  the  SW.  }  sec.  35,  T.  9  N.,  R.  16  W. 
This  well  is  on  the  property  of  the  Spring  Lake  Iron  Company  and 
has  flowed  since  1883,  w^hen  it  was  bored  to  furnish  water  for  the 
employees  of  the  company  working  at  the  furnace.  The  present 
measurable  flow  is  about  5  gallons  a  minute,  which  is  less  than  for- 
merly, but  some  of  the  water  is  known  to  escape  through  a  leak  in  the 
pipe  below  ground.  The  surface  elevation  is  16  feet,  and  the  head 
about  26  feet. 

A  partial  record  of  the  well  was  given  by  an  employee  who  aided 
in  the  boring,  as  follows: 

Record  ofvxU  of  Spring  Lake  Iron  Company,  Fniitport. 


Surface  sand 

Qnickaand 

Blue  clay 

Li^t  sandstone 

GraveUy  clay 

Solid  gravel 

Yellowrish  mucky  clay 

Blue  shale 

^d  and  clay  in  thin  alternate  layers 

Blue  sandstone 

Grayish  limestone 


Thickness. 

Total. 

Feet, 

Feel. 

10 

10 

22 

32 

60 

92 

i 

92 

8 

100, 

4 

104 

3 

107 

2 

109 

12 

121 

2* 

121- 
123a 

The  total  depth  of  the  well  was  stated  to  bo  150  feet,  and  that 
depth  was  verified  by  Mr.  J.  C.  Ford,  president  of  the  company.  The 
temperature,  12®  C,  or  53.6°  F.,  su<^gests  a  greater  depth.  A  partial 
analysis  of  the  water  follows : 

Analysis  of  uxiter  from  uril  of  Spr'uuj  fjikf  Inm  Comjumy,  Fruit }K>rt.(* 

Parts  ]>vr  million. 

Sodium  chloride 8,  4()7.  17 

Magnesium  chloride 327.  1  o 

Calcium  chloride 1)37.  U 

Potassium  sulphate 1)1 .  43 

Calcium  sulphate 70.  72 

Calcium  bicarbonate 1 ,  1 19.  1 5 

The  only  other  deep  well  in  tliis  j>()rti()n  of  the  district  is  on  the  re- 
sort property  now  owned  hy  the  (xrand  Rapids,  (Irand  Haven  and 

"  Kxpresaed  by  analyst  in  gntins  prr  gallon;  nvonipiit^'d  to  parts  per  million  at  Uuitwl  States  Gcp- 
logjcal  Survey. 
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Muskegon  Railroad,  and  located  in  the  XW.  \  SW.  J  sec.  36,  T.  9  X.,R. 
16  W.  This  well  does  not  flow,  the  elevation  being  over  25  feet  above 
Lake  Michigan.  It  was  opened  about  1S71.  The  record  on  file  in  the 
office  of  the  Spring  Lake  Iron  Company  follows: 

Record  of  well  of  Grand  Iiapidjt,(wrand  Haven  ami  MuAegon  RaUroad,  nee.  36,T.iiS.. 

R.  16  W. 


Sand 

Bluoday 

Ilardpttii  and  gravel. 

Blue  sand  rock 

Blno  shalo 

Marshall  sand  rook . . 
Blue  shale 


Thickness. 

Tota!. 

Fert. 

Foi. 

30 

-.9 

140 

O 

9 

IS 

24 

JB 

o 

> 

41 

■X 

6 

■S> 

Some  claims  of  medicinal  proj)erties  have  been  made  for  the  water. 
Before  the  w(»ll  became  the  property  of  the  railroad  it  was  on  public 
ground  and  the  water  was  freely  used  by  citizens  of  Fruitport.  For- 
merly the  water  was  sliipj)ed  in  carloads  to  places  as  distant  as  New 
Orleans  and  used  for  curative  purposes  in  cold  and  hot  baths. 

MOOBLAHD  DI8TBICT. 

Topography. — Tliis  district,  indicated  by  a  single  well,  is  presumec 
to  be  coextensive  with  the  great  marshy  region  that  covers  abou' 
one-half  of  Moorland  To^^^lship  and  extends  into  the  eastern  part  o 
Eggleston.  The  main  branch  of  Black  Creek,  which  flow^s  into  Lak' 
Harbor,  has  its  origin  in  th(»  marsh.  At  iloorland  station,  where  ih 
well  is  located,  the  surface  elevation  is  about  95  feet.  On  the  sout] 
the  marsh  area  terminates  in  gradually  rising  land  that  merges  into 
rolling  surface  of  till.  On  the  east  it  is  separated  from  the  valley  c 
Crockery  Creek  by  a  morainic  ridge.  On  the  north  and  west  the  con 
fine  is  sandy  and  somewhat  high(T.  The  soil  of  the  marsh  is  generall; 
sandy  with  a  few  streaks  of  loam.  It  was  foimd  covered  w^ith  water  b'. 
the  pioneers,  but  by  an  extensive  drainage  system  supplementing  an  < 
deef)ening  the  natural  lines  most  of  the  surface  water  now  flows  awa> 

HV//.- The  well  is  located  in  tlie  XE.  }  SE.  \  sec.  29,  T.  10  N.,  R.  i 
W.,  on  ])r()perty  now  owned  by  X.  A.  Cook,  of  Moorland.  Thedept 
is  stated  to  be  11 5  feet,  but  no  one  was  found  who  knew  the  record c 
th(»  strata,  though  it  may  possibly  bo  among  the  papers  of  the  Stat 
geologist.  Tli(»  well  at  first  yielded  a  considerable  amount  of  an  iw 
flammabh*  gas,  which  was  collected  and  bunied  experimentally H 
(»levating  the  pipe*  and  reducing  the  exit.  The  gas  is  not  so  evidei 
now,  if  it  is  (l(»liv(»re(l  at  all.  Th(^  water  is  strongly  mineral  in  qualit ; 
The  head  of  i\w  water  is  about  s  iool  above  the  surface  or  not  f 
from  100  feet  above;  the  lake.    The  ilow  is  6  gallons  a  minute. 
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It  is  notable  that  this  well  is  in  the  catchment  of  Lake  Harbor  and 
I  the  same  drainage  line  with  the  well  near  Cloverville.  The  loca- 
on  is  somewhat  more  than  16  miles  in  a  direct  line  from  the  outlet  of 
take  Harbor  and  about  10  miles  from  the  Cloverville  well,  and,  while 
he  indications  are  strong  that  the  water  of  the  two  wells  rises  from 
ntirely  distinct  strata,  yet  their  locations,  height  of  head,  and  abun- 
lant  flow,  suggest  the  probability  that  the  Lake  Harbor  and  Moorland 
iistricts  are  continuous. 

FBUirLAKB  DI8TBICT. 

Topography, — The  extent  of  this  district,  which  is  represented  by  a 
single  well,  can  only  be  conjectured.  The  well  is  located  in  the  SW.  J 
sec.  36,  T.  11  N.,  R.  17  W.  The  moraine,  which  gradually  loses  promi- 
nence, as  it  extends  southward  from  Whitehall,  appears  to  terminate 
somewhat  abruptly  on  the  same  section  near  the  northeast  comer. 
In  fact,  the  moraine  probably  continues  unbroken  to  the  point  where 
it  appears  in  the  bluff  of  Muskegon  Lake,  but  is  so  low  that  it  is  covered 
by  10  feet,  more  or  less,  of  sand.  The  soil  is  sandy  with  spots  sUghtly 
loamy.  The  surface  is  a  plain  interrupted  by  numerous  swells  and 
bolls  that  appear  like  very  low  dunes.  The  region  was  originally 
swampy,  and  Greene  Creek,  which  flows  southward  about  4  miles  into 
Muskegon  Lake,  has  its  origin  here.  The  elevation  is  probably  be- 
tween 40  and  50  feet. 

Well. — This  well  was  probably  driven  about  1890  for  Mr.  John 
Miller,  who  then  resided  on  the  place.  It  has  since  become  the  prop- 
Pity  of  Jacob  Johnson,  of  Whitehall.  When  seen  several  years  ago, 
the  pipe  stood  about  5  feet  above  ground  and  the  flow  of  water  was 
^ery  slow,  seeming  to  indicate  that  the  top  of  the  pipe  was  about  at 
the  height  to  which  the  water  would  rise.  The  depth  is  stated  to  be 
^8  feet. 

The  existence  of  a  flowing  well  at  the  mouth  of  Greene  Creek  and 
mother  at  the  source  suggests  the  probability  that  flowing  water  can 
5e  found  throughout  the  course  of  the  creek,  although  the  great  differ- 
ence in  depths  of  the  two  wells  and  in  the  quality  of  water,  which  is 
lecidedly  less  mineral  in  the  Fruitland  well,  tend  to  negative  the  infer- 
ence that  the  so-called  Fruitland  district  is  a  part  of  Muskegon  Lake 
listrict. 

CASNOVIA   DI8TBICT. 

Topography. — The  region  in  which  the  (^asnovia  wells  are  found 
kas  very  pronounced  features  in  tlicr  form  of  inorainic  prominences 
(^f  till  and  gravel.  The  highest  land  in  Muskegon  County  lies  in  Cas- 
novia  Townsliip.  The  railroad  track  at  Casnovia  station  is  300  feet 
above  Lake  Micliigan.     Tliis  elevation  is  greatly  exceeded  by  Iiills 
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in  the  imincdiate  vicinity  and  much  of  the  surface  in  the  township  is 
not  far  from  800  feet  above  the  sea.  The  depth  to  bed  rock  is  prob- 
ably as  great  as  600  feet  in  some  places  and  not  less  than  300  feet  at 
any  place.  It  is  extremely  improbable,  therefore,  tliat  a  flowing 
well  from  any  except  a  local  source  would  be  found  here.  The  high 
land  in  Casnovia  village  has  been  deeply  penetrated,  in  one  instance 
more  than  300  feet,  without  encountering  water. 

Wells. — A  flowing  well  belonging  to  Mr.  D.  NeflF  is  located  in  the 
NW.  i  NE.  }  sec.  33,  T.  10  N.,  R.  13  W.  (Casnovia  Township).  The 
well  was  driven  in  1895  by  May  Doubledee,  of  Casnovia  village.  It 
is  45  feet  deep,  in  clay  and  gravel,  and  flows  1  gallon  a  minute,  the 
yield  not  having  varied  appreciably  since  the  well  was  put  in.  The 
head  is  only  about  1  foot.     The  cost  was  $45. 

Near  the  northwest  comer  of  sec.  28,  slightly  more  than  a  mile 
from  the  XefF  well,  Mr.  Charles  Fraligh  has  a  flowing  well,  the  record 
of  which  is  not  known.     • 

The  territory  in  wliich  these  wells  are  located  abounds  in  natural 
s])rings,  some  of  wliich  are  remarkable  for  their  size  and  form  the 
heads  of  small  streams. 

SUICMABT. 

The  flowing  wells  of  the  county  are  distributed  as  foLows:  Whit.e 
Lake,  Xos.  15  to  37,  inclusive;  Muskegon  Lake,  Nos.  1  to  14,  incli-v 
sive,  and  Xos.  46  and  47:  Lake  Harbor,  Nos.  38  and  39;  Spring  Lal^^ 
Nos.  41  and  42;  Moorland,  No.  40;  Fruitland,  No.  43;  Casnovij 
Nos.  44  and  45. 
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The  Flower  Creek  district 
13,  and  26,  T.  13  N.,  K.  IS 
and  24.  It  is  situated  in  tli 
where  Flower  Creek  post-ofi 
5  or  6  miles  northwest  of  M( 
the  district  (see  fig.  4)  are  h 
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lie  creek,  some  30  feet  or  more  above  it.  Back  of  the  terrace,  on 
>oth  the  east  and  the  west,  the  morainal  liills  rise  to  a  considerable 
leight.  The  statistical  data  relating  to  the  wells  are  presented  in 
,lie  table  below\  Sufficient  agreement  of  depths  is  shown  to  indi- 
cate for  the  northern  wells  at  least  (Nos.  3  to  11)  a  uniform  source 
>f  supply  from  a  water-bearing  layer  sloping  somewhat  rapidly  to 
tJie  northwest  and  drawing  its  water  from  the  morainal  hills  to  the 
southeast.  Of  the  three  w^ells  (Nos.  15,  17,  and  18)  at  the  south- 
Bm  end  of  the  district,  Nos.  15  and  18,  or  the  two  easterly  wells, 
^eld  a  medium  hard  water  containing  iron,  while  No.  17,  although 
drawing  its  supply  at  the  same  depth  as  No.  18,  gives  a  soft  water 
free  from  iron.  This  probably  indicates  a  separate  source  of  the 
-water  in  the  different  wells,  due  either  to  the  presence  of  two  dis- 
tinct beds  or  to  a  single  bed  receiving  additions  of  water  from  both 
the  east  and  the  west,  the  former  hard  and  irony  and  the  latter  soft. 
It  seems  probable  that  Nos.  15  and  18  are  not  on  the  same  vein  as 
Nos.  3  to  11,  as  the  flow  under  similar  conditions  is  many  times 
greater.  The  source,  however,  as  in  the  case  of  the  latter,  is  in  the 
hills  to  the  southeast.  The  Charlotte  Smith  well  (No.  1)  belongs 
to  a  separate  and  verj^  limited  district  occurring  along  the  creek 
bottom  in  sees.  1  and  2,  T.  12  N.,  R.  18  W. 
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ater  of  the  Flower  Creek  wells  carries  a  much  larger  amount 
lian  most  Michigan  waters,  but  is  of  about  the  average  hard- 
Tells  Nos.  15  and  18  are  highest  in  iron  and  lime.     Wells  Nos. 

cany  somewhat  less  iron,  but  are  about  as  hard.  No.  17  is 
on  and  imusually  soft. 

•robable  that  wells  drilled  anywhere  along  the  road  between 
nd  11  would  obtain  flows,  but  they  would  not  be  large,  since 
ly,  as  indicated  by  the  seasonal  fluctuations,  is  limited,  being 
1  utilized  by  the  present  wells.  Wells  drilled  some  distance 
he  road  and  nearer  the  center  of  the  district  would  also  prob- 
ain  flows.  The  best  wells  will  perhaps  be  found  at  the  south- 
of  the  district,  where  the  supply  seems  to  be  more  abundant. 

probable  that  the  flowing  area  will  be  extended  much  to 
,  as  the  land  begins  to  rise  rapidly  within  a  short  distance, 
;  not  impossible  that  deep  wells  east  of  No.  15  and  not  far 
3uld  obtain  good  flows.  The  water  bed  at  the  Charlotte 
ell  (No.  1)  seems  to  be  too  close  textured  to  give  up  water 
hence  the  prospects  for  satisfactory  flows  in  this  vicinity  are 

8HELBT  DI8TKICT. 

helby  district  in  western  Oceana  County  is  in  sees.  30  and  31, 
,  R.  17  W.,  and  sees.  25  and  36,  T.  14  N.,  R.  18  W.,  and  is 
miles  southwest  of  Shelby  village.  It  lies  along  the  east-west 
?ar  the  south  line  of  sees.  25  and  30,  and  is  bordered  by  high 


R.  la  w. 


•  n orbing  rye// J     o  Nonflovving  wells 
Fig.  5. — Sketch  map  of  Shelby  artesian  district,  Oceana  Tounty. 

1  hills  on  both  tlie  north  and  the  south.  The  crock  has  cut  its 
to  a  considerable  doplh  l)elo\v  tlie  rollinj]^  terrace  on  wliicli  the 
*  located.  The  character  of  the  wells  surrounding  the  district 
I  in  the  table  given  l)ol()w.  (For  locations,  see  fig.  5.)  With 
'  or  two  exceptions,  every  house  in  the  district  has  a  deep  well 
ows.     All  are  stopped  down  to  small  pipes. 
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the  records  of  the  wells  are  studied  two  interestmg  points  are  evi- 
:  (1)  Wells  Nos.  9,  13,  14,  and  15  are  much  deeper  than  the 
rs  of  the  district,  and  (2)  the  waters  of  these  wells  contain  much 
,  while  the  others  do  not.  Constructing  a  section  from  the  records 
fig.  6)  we  have  not  only  evi- 
)e  of  two  distinct  water  beds 
g  the  township  line,  but  evi- 
;e  of  slopes  toward  the  valley 
oth  directions,  presumably  due 
le  bending  of  the  beds  into  a 
gh,  which  probably  accounts  in 
for  the  unusually  lai^e  flows, 
tie  water  of  the  *  Shelby  district 
nsiderably  softer  than  the  average  Michigan  water,  and  is  there- 
unusually  satisfactory  for  domestic  purposes.  There  is  a  very 
it  amount  of  iron  in  the  waters  from  the  upper  sand,  but  about 
« times  as  much  in  the  lower  sand.  Partial  analyses  of  the  John 
ierson  water,  representing  the  upper  sand,  and  the  Nelson  water, 
resenting  the  lower  sand,  are  given  on  page  91. 
"he  area  in  which  flowing  wells  may  be  expected  is  outlined  in  fig  5 
49).    This  area  might  be  extended  slightly  by  wells  at  low  points 


Fio.  6.— DiagrammAtic  section  across  Shelby 
artesian  district  from  north  to  south,  show- 
ing upper  and  lower  artesian  horizons  and 
trough-like  structure. 


20     ^o'^ainal 


•  F/oW/ng  we/ Is  o  Nonflowing  we  lis 

Fio.  7.— Slcetch  map  of  ITart  artesian  district,  Oceana  County. 

^e  valley  to  the  east  or  to  the  west,  but  not  to  the  north  or  to  the 
^,  as  the  land  rises  steeply  in  these  directions.     There  is  sufficient 
r  in  the  district  to  supply  the  needs  of  a  much  greater  number  of 
le  than  now  live  there. 
IBB  183—06 5 
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HART  DI8TRIGT. 

Hart,  the  county  seat  of  Oceana  County,  is  located  on  a  somewhit 
irregular  sloping  terrace.  At  the  north  edge  of  town  it  is  cut  by  i 
valley  occupied  by  ponds  and  a  large  creek  some  30  feet  below  the 
railroad.  To  the  south,  or  away  from  the  creek,  the  surface  risei 
gently  for  three-fourths  of  a  mile  or  more  to  the  foot  of  morainal  hilb^ 
of  some  height  (see  fig.  7). 

The  shallow- water  supplies  at  Hart  have  been  found  to  be  irregtt- 
lar  in  depth  and  in  amount,  but  in  general  only  small  amounts  of  | 
water  have  been  obtained.  At  present  very  few  shallow  wells  an 
used,  nearly  every  house  at  the  upper  end  of  town  having  either  i 
flowing  well  or  a  deep  well  pumped  by  windmill,  while  in  the  town 
itself  nearly  all  supplies  are  obtained  from  the  public  water  system 
(p.  59),  which  furnishes  an  abundant  supply  from  an  unusually 
complete  system  of  mains.  The  location  of  a  portion  of  the  welb  is 
shown  in  fig.  7,  while  data  relating  to  these  and  to  others  not  shown 
on  the  figure  have  been  compiled  into  the  following  table : 

Well^  of  Ilart  artesian  district. 
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o  Obtainod  wator  at  82  feot  and  Ixilow,  but  on  reaching  depth  of  13.'>  foct  It  was  all  lost  in  thehardpiA 
at  that  point. 
i>  Originally  about  'A^  fivt  d»vp.  but  dooiM^ned  to  HW  ftvt  on  aocount  of  failure  of  the  supply. 
e  Shallow  waU'r  was  encounU"n'(i  abovodayat  40  fn-t:  flow  from  the  lower  horizon  is  a  strong  one 


but  it  is  n\«itrict4Hl  to  a  small  piins  not  HtT«'ct''<l  by  th«^  villam*  wells. 

d  No  waU^r  abovo  tho  main  flow  exc<'pt  at  the  surface.     Piped  to  barn,  house,  and  watering  troiu^* 
There  arc  several  hydrants  on  the  pbice  to  which  lire  hos<'  and  host^  for  sprinlclingcan  be  attached.  Tne 


supply  is  SHi<l  to  Ix*  atl«>ct«»d  by  the  town  wrils. 

e  Throw  jet  t^)  top  of  porch*!')  ftvt  high  when  first  sunlc. 

/  Located  near  south  line  of  block  137.st»veral  hundrt^l  fei't  south  of  a  slaughter  house,  and  one- 
olghth  of  a  mile  from  the  road.  Head  testctl  to  height  of  40  fe«'t;  a  2-inch  j<'t  was  thrown  8  feet.  Mucb 
sand  and  gravel  was  brought  up  by  the  wat^^r  at  first.  Soil  '^  fet't.  hardpan  1  foot,  sand  15  feet. clay  12^ 
feot  sand  and  gravol  4  U^t.  Water  is  pipn»(l  to  barn.  slaughttThouso.  and  residence  and  used  forsll 
purposes.    No  elTcot  by  the  town  wells  is  not^'<l. 

0  Formerly  owujhI  by  Mr.  Waller:  is  small  well,  but  is  u.sed  by  5  families. 

h  F^ncount«»n»d  only  sand. 

i  Penetrated  only  clay  until  near  the  bottom. 

The  deepest  well  at  Hart  is  the  test  l)oriii|T^  made  just  north  of  the 

railroad  opposite  the  warehouse,  at  an  elevation  of  about  730  feet 

ri(see  p.  59),  which  was  drilled  by  Mr.  Jacks  to  a  depth  of  412  feet- 
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stone  was  encountered  at  371  feet  and  the  bottom  of  the  well 
in  shale.  The  vein  furnishing  the  flows  in  the  vicinity  was 
jd  through  without  stopping,  and  the  final  well  furnished  little 
r.  A  boring  known  as  "Henman^s  boring/^  said  to  be  located 
)  40  feet  lower  than  the  preceding  and  to  be  200  feet  deep,  is 
rted,  but  could  not  be  located.  Four  wells  are  reported  at  the 
house:  One  is  said  to  be  171  feet  deep  and  flows;  the  other  three 
Qoted  in  connection  with  the  waterworks  on  page  59;  the 
irials  penetrated  were:  Clay  5  feet,  sand  25  feet,  clay  with  peb- 
to  bottom.  The  water  was  from  sand  and  gravel,  surface  sup- 
being  encountered  at  7  and  20  feet.  These  wells  were  drilled 
»02  and  are  4  inches  in  diameter. 

{ginning  with  the  Brigham  well  and  going  north  to  the  ware- 
e  there  is  a  very  regular  increase  in  the  depths  of  the  wells.  This 
ates  a  uniform  source  of  supply  from  a  bed  tilting  gradually 
iward.  The  Gebhart  well,  if  its  depth  is  correctly  stated,  draws 
ipply  from  a  bed  probably  75  feet  lower,  while  the  Currie  and 
cer  wells  seem  to  draw  from  a  higher  horizon,  although  if  the 
furnishing  suppUes  to  the  waterworks  wells  rises  sufficiently 
pt  it  may  be  present  at  the  depths  indicated  by  the  two  wells 
ioned.  The  Billings  and  Van  Alsburg  wells  probably  draw 
the  same  bed,  which  possibly  is  the  same  as  that  at  the  water- 
s.  The  Thompson  well,  judging  from  its  small  flow,  is  probably 
a  higher  horizon,  although  its  depth  could  not  be  ascertained, 
horizon  at  the  Pringle  No.  3  well  can  not,  with  the  present 
mation,  be  correlated  with  any  of  the  water  beds  nearer  town. 
le  water  carries  a  small  amount  of  iron,  a  considerable  amount 
It,  and  is  of  average  hardness.  A  partial  analysis  is  given  in  the 
!  on  page  91. 

le  conditions,  while  sufficiently  variable  to  make  prediction  of 
?xact  depth  at  which  water  will  be  found  uncertain,  appear  to 
nusually  favorable  to  artesian  flows,  which  can  ])robahly  be 
ined  almost  anywhere  on  the  lowlands  to  the  north  of  the  morainal 
indicated  fn  fig.  5,  where  the  altitude  is  less  than  730  feet  (or 
of  the  Brigham  well),  and  when  the  distance  is  not  more  than 
half  to  three-fourtlis  mile  from  the  hills.  At  distances  greater  than 
flows  are  less  likely  because  of  the  liability  of  tlie  water-hearing 
IS  to  pinch  out.  The  dej)thsof  the  wells  will  tjenerally  vary  fnmi 
to  175  feet,  although  it  may  ])e  necessary  to  go  deeper  in  some 
8.    If  the  well  is  properly  sunk,  the  flow  should  he  large. 

CBYSTAL  VALLEY  DI8TBICT. 

Tie  village  of  Crystal  Valley,  in  northern  Oceana  County,  is  located 
i terrace  bordering  a  small  stream,  to  the  north  and  south  of  which 
morainal  hills  rise  to  a  considerable  height.    (See  fig.  8.)     There  is 
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only  one  well  (No.  1)  actually  flowing  at  the  point  where  drilled 
although  several  (Nos.  2,  3,  and  4)  rise  nearly  to  the  surface,  and  m 
(No.  5)  is  piped  side  wise  to  flow  at  a  slightly  lower  level.  Statistics 
data  relating  to  the  wells  at  this  point  are  given  m  the  following  table 

Weils  of  Crystal  Valley  diHriet. 


Owner. 


Driller. 


9.  Cp0C. 


II-  C.  Ixx'kwooil. 
Mrs.LinnKmnpy 

L.  C.  Beadle I  L.C.nefldlo. 

J.  \V.  Porkinit ,    .    S.  Ci*p 

K.  W.  KittrldBpi do 


i' 


IffiB 


712 

?J0  .  MSB 

730  I  i^m 

I 


Is 


Ft. 

+u 

-  2 

-  a 

-  z 


a 

u 

I 


QaU». 

h 


F 


1  «Mi 


I 
^    I 


I    QoiUtj  ^ 


I 

Grm^vdJ  Iron- 

(I'lmvel,!  IniD;] 
...do. .J  Soft 


a  Both  ineasiin>nionts  of  tomuerature  woro  made  alter  the  water  had  flowed  through  a  pipe  of  «■ 
length  an<l  arc  possibly  one-half  detcroc  too  high. 

An  examination  of  the  table  shows  that  there  is  no  general  wato 
bearing  l)ed,  unless,  as  is  very  likely  the  case,  the  Lockwood  an 

Perkins  wells  draw  from  the  same  horizon 
If  this  is  so,  its  slope  is  decidedly  to  tb 
south,  and  the  source  of  supply  is  doubtte 
in  the  hills  to  the  north.  The  water  of  & 
Kinney  well,  although  having  approximate! 
the  same  head  as  the  others,  is  not  from  tl 
same  bed.  The  Beadle  well  is  inserted  sin 
ply  as  a  type  of  the  shallow  wells.*  Tl 
Kittridge  well  may  possibly  be  from  tl 
same  horizon  as  the  Perkins  and  LockwocK 
}>ut  in  the  absence  of  wells  in  the  mile  stretc 
intervening  this  can  not  be  certainly  detei 
mined. 
The  deep-well  water  is  of  about  the  avd 
ago  quality.  It  tastes  of  iron,  is  hard,  and  gives  considerable  seal 
Tho  supplies  from  the  surface  wells  are  considerably  softer. 

Flows  can  probably  l)e  obtained  at  almost  any  point  which 
not  more  than  6  or  8  feet  above  the  level  of  the  creek.  The  head 
snfTicieut  to  give  flows  on  the  terrace  on  the  south  side  of  the  strear 
but  not  on  the  north.  The  volume  is  such  that  hydraulic  ran 
attached  to  wells  at  creek  level  would  pump  sufficient  water  to  tl 
houses  for  domestic  supplies. 

ELBRIBOE  DISTRICT. 

The  Elbridge  district,  at  present  represented  only  by  a  single  flo' 
ing  well,  is  located  a  few  miles  east  of  Hart  along  the  broad  vail 
bordering  the  streams  in  the  northern  portion  of  sees.  8  and  9, 


•  Flowing  wells 

o  Nonflowing  wells 

Fig.  s.— Sketch  map  of  Crj'stal 
Valley  urteslnn  district,  Oeeana 
County. 
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5  N.,  R.  16  W.,  the  supply  coining  from  the  high  morainal  hills 
bout  Elbridge  settlement,  one-half  mile  to  the  south.     (See  fig.  9.) 

The  flowing  well  (No.  2)  is  owned  by  Isaac  Timmons.  The  data 
re  as  follows:  Altitude,  712  feet;  drilled  in  1901;  depth,  93  feet; 
'-ater  from  blue  gravel;  flows  at  4-4  feet;  tested  to  18  4-  feet;  yield, 

gallons  a  minute;  temperature,  49 i°.  The  materials  arc :  Sand,  35 
set;  clay,  55  feet;  gravel,  3  feet.  The  well  is  located  several  feet 
bove  the  level  of  the  creek  bottoms. 

At  the  mill  one-half  mile  east  and  a  little  north  of  Tinunons  a  well 
uled  to  get  water  on  the  flats  at  100  feet,  although  most  wells  in  the 
icinity  (as  No.  1)  get  abundant  surface  water.  Near  by  are  large 
ulphur  springs,  which  form  a  considerable  stream  and  deposit  a 
^hite  coating  of  sulphur.  A  deep  well  (No.  3),  one-fourth  mile  north 
i  Timmons,  failed  to  get  a  flow,  which  was  to  be  expected,  as  it  is 
oany  feet  higher.  A.  well  at  the  corner  blacksmith  shop  in  Elbridge 
No.  4)  went  through  20  feet  of  sand  and  40  feet  of  clay  into  water- 
bearing gravel  at  60  feet,  the  water  rising  to 
nthin  16  feet  of  the  surface.  Surface  water 
Fas  obtained  at  the  store  on  the  opposite 
ide  of  the  road  at  16  feet.  A  well  60  feet 
leep  in  the  hollow  back  of  the  blacksmith's 
md  20  feet  lower  got  water  rising  to  within 
:  foot  of  the  surface.  Gus  May,  2  miles 
»ast  and  one-half  mile  south  of  Timmons 
wehf  drilled  92  feet  and  obtained  about  1 
juart  a  minute.  The  well  was  drilled  by 
Sardy.  The  wells  in  the  morainal  hills  are 
Generally  50  to  100  feet  deep. 

The  water  of  the  Timmons  well  is  of  aver- 
age quality  as  regards  iron  and  lime.  For  partial  analysis  sec  page  91. 
The  only  good  prospects  for  flows  are  along  the  flats  of  the  creek 
bottoms  adjacent  to  the  base  of  the  morainal  hills.  The  majority  of 
wells  sunk  at  such  locations  to  100  or  150  feet  would  probal)Iy  he 
successful,  although  an  occasional  failure  is  to  be  expected,  as  was  the 
case  at  the  mill.  Abundant  water  supplies,  however,  are  generally  to 
be  had  at  slight  depths,  and  will  doubtless  prove  satisfactory  as  long  as 
the  country  is  not  too  thickly  settled. 

TIGRIS  DISTRICT. 

The  Tigris  district  is  a  short  distance  east  of  Hart.  Like  the 
Elbridge  district  it  has  at  present  only  one  flowing  well,  although  the 
drilling  of  others  is  contemplated.  The  conditions  are  illustrated  in 
fig.  10.  Along  the  north  and  east  side  of  sec.  13,  T.  15  N.,  R.  17  W. 
the  land  rises  mto  morainal  hills  of  considerable  height,  while  the 
remaining  portion  of  the  section  is  moderately  flat.     Along  the  base 


17 


Ver  f  high  moraine       \ 
I6j  I 


•  Flowing  y^ell 

o  Nonftovifing  welts 

Fig.  9.— Sketch  map  of  Elbridge 
artesian  pool,  Oceana  County. 
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of  these  hills  occur  a  considerable  number  of  springs,  a  few  of  whid 
have  formed  mounds  of  silt  of  some  size. 

It  was  near  the  base  of  the  hills  that  the  Amos  Relinger  well  vu 
sunk  in  1902.  It  is  a  2-inch  well,  115  feet  deep,  and  obtains  its  water 
from  gravel.  The  water,  which  will  rise  15  feet  or  more,  is  piped  into 
the  house.     The  yield  is  12^  gallons  a  minute.     It  tastes  slightly ol 

iron  and  is  medium  hard,  though 
giving  little  scale. 

The  water  of  the  Relinger  wdl 
doubtless  comes  from  the  east, 
although  in  the  northern  portiML 
of  the  section  supplies  may  also 
be  received  from  the  north.  It  b 
probable  that  deep  wells  almost 
anywhere  along  the  base  of  the 
hills  would  obtain  flows. 


Low  amd* 


•  •   -; 

Mounts 
1 3     spt-^. 


I  undulating 


MOPA^i'lE 


--I HIGH  MORAIME 


I  Riiffngtir  iw//#|  _S^!l. 


Pio.  10.— Sketch  map  of  Tigris  pool,  Oceaim 
County. 
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The  postmaster  at  Lattin  reports  the  wells  in  the  neighborhood  to 
be  from  30  to  250  feet  deep,  the  largest  suppUes  being  at  about  100 
feet,  wliich  is  the  common  depth  in  the  vicinity.  The  water  in  both 
the  shallow  and  the  deep  wells  is  hard.  He  states  that  some  flowing 
wells  are  obtained  at  the  surface  without  pumping. 

WEABE   DISTBICT. 

This  district  is  located  in  sees.  34  and  35,  T.  16  N.,  R.  17  W.,  a  mile 
or  two  west  of  Weare  and  3  or  4  miles  northeast  of  Hart.  The  flowiBj 
wells  are  on  a  gently  rolling  slope  pitching  away  from  the  high  moraia» 
hills  in  tlie  northern  portion  of  the  sections  (fig.  11).  The  ground  i 
still  lower  to  the  south,  ])ut  because  of  lack  of  persistence  of  the  watei 
bearing  beds  ami  the  loss  of  head  no  flows  are  obtained.  Data  relatin 
to  the  wells  are  given  in  the  following  tai)le: 

Wells  of  Weare  district. 
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*  Several  feet  below  surface. 
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The  wells  at  the  crest  of  the  hill  (No.  1),  of  which  there  are  several, 
get  plenty  of  water,  although  it  rises  but  Uttle.  The  Victor  Symonds 
and  Henry  Baker  wells  are  piped  sidewise  to  lower  ground  to  give 
flows.  The  surface  material  is  sand  to  a  depth  of  15  to  20  feet,  after 
nrhich  clay  is  struck,  which  continues,  with 
the  exception  of  a  few  thin  sandy  beds,  to  a 

depth  of   at   least   several   hundred   feet. 

Several  attempts  to  obtain  water  were  made 

at  the  John  Lipp,  jr.,  place.     Except  for  10 

feet  of  sand  at  the  top  all  was  clay  to  the 

bottom  of   the  deepest  well  at  428  feet. 

Another  well  a  few  feet  away  was  simk  to 

150  feet  and  found  water  at  the  bottom, 

•which  rose  to  within  15  feet  of  the  surface, 

but  the  clay  from  which  it  came  so  clogged 

the  pipe  that  the  well  could  not  be  used. 

Another  well  135   feet  deep  gave  similar 

results.    These  wells  are  said  to  have  been  located  by  means  of  the 

"switch"  or  divining  rod  and  are  notable  failures. 
The  water  is  low  in  iron  and  of  about  average  hardness 

analysis  is  given  on  page  91. 
The  prospects  of  additional  flows  in  this  locality  are  poor,  because  of 

the  presence  of  a  great  thickness  of  clay  with  very  few  porous  seams 

capable  of  carrying  water.     Doubtless  such  seams  occur  locally,  but 

their  location  can  not  be  foretold. 


•  Flowing  we  Us 
o  NonfliWmg  wells 
K  Wind  mills 

Fia.  11.— Sketch  map  of  Weare 
pool,  Oceana  County. 


A  partial 


FEBBY   DI8TBICT. 


HIGH     HILLS 


This  is  not  a  district  in  the  proper 
sense,  as  the  two  flowing  wells  in  the 
vicinity  are  several  miles  apart  and  of 
diverse  occurrence.  The  name  is  sim- 
ply given  for  convenience  of  discussion. 
The  locations  of  the  wells  are  shown 
in  fig.  12. 

Well  No.  1,  the  James  Osbom  well,  is 
located  on  a  flat  lying  between  the  liigh 
morainal  hills  which  rise  along  the 
northern  edge  of  sec,  23,  T.  14  N.,  R. 
16  W.,and  the  westward  flowmg  stream 
one-fourth  mile  to  the  south.  The 
elevation  is  about  950  feet,  diameter 
2  inches,  depth  90  feet.  The  materials  were  alternating  clay,  sand,  and 
gravel,  with  some  water  for  40  feet,  then  clay  for  50  feet  to  the  water- 
bearing sand  at  the  bottom.  The  well  ran  a  small  stream  for  a  year 
and  suddenly  the  flow  changed  to  a  stront^  stream,  as  if  the  water  had 
broken  through  a  liithcrto  impervious  layer.     It  was  diiW^d  \xv  V^^^  Vj 


Scale  of  miles 

I 


Fig.  12.— Sketch  map  of  Ferry  district, 
Oceana  County 
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Charles  Cnshman.     The  flow  is  through  a  |-mch  perforation  in  tl 

cap  3  feet  above  the  surface,  but  the  water  would  probably  ris 

siderably  higher.     Shallow  waters  are  readily  obtained  in  the  v 

and  no  other  deep  wellshave  been  sunk.     The  water  is  unusual 

for  Michigan  and  has  but  Uttle  iron.     For  partial  analysis  see  pa 

Well  No.  2  was  sunk  in  1898  for  B.  A.  Wiswell  by  Charles  Cus 

driller.     It  is  located  on  a  slope  between  the  stream  flats  in  the 

sec.  34,  T.  14  N.,  R.  16  W.,  and  the  morainal  hills  rising  immedia 

the  west.     Its  altitude  is  probably  about  955  feet.     The  we 

inches  in  diameter,  78  feet  deep,  and  penetrated  8  feet  of  clay  loi 

feet  of  quicksand,  and  60  feet  of  clay.     The  flow  is  three-fourtl 

gallon  a  minute  at  6  feet,  but  will  be  nearly  as  strong  10  feet  abo 

surface.     It  has  no  taste,  but  has  slight  sulphur  odor.     It  fornii 

scale.     The  flow  increases  before  a  storm.    The  temperature  is 

No  other  wells  in  the  vicinity  go  deep  enough  to  obtain  flows. 

The  lowland  area  bordering  the  stream 

ing  through  Ferry  and  the  position  of  th 

dering  highlands  are  indicated  in  fig.  12. 

hills  are  high  and  sandy  and  present  ideal  < 

ment  conditions.     The  two  deep  wells 

have  been  sunk  near  its  edge  have  beei 

cessful  in  obtaining  flows,  and  it  is  probabi 

similar  flows  could  be  obtained  elsewhere 

o  No^f7ow/n/we//s       *^®  border  and  probably  for  a  distance  ol 

Pio.i3.-8ketchm*pshow-     ^^^^^  ^^  onc-half  mile  distant  from  the  m 

ing  flowing  and  adjacent     It  is  possible  that  flowing  wclls  might  be 

;;:«:o^ro:Sty'^     even  in  the  middle  of  the  lowland  area.    A 

however,  because  of  the  abundance  of  si 

water  supplies,  no  deep  wells  have  been  sunk  in  this  region.     At 

the  wells  are  all  probably  under  30  feet  in  depth.     The  materia 

very  variable,  but  some  clay  is  reported.     It  is  probable  that  at 

a  depth  of  100  feet  or  less  would  be  sufficient  to  give  flows. 

OBEENWOOD  DISTBICT. 

The  name  of  Greenwood  Township  is  applied,  for  want  of  a  1 
one,  to  the  district  containing  the  wells  about  3  miles  southw 
Hesperia  in  sec.  12,  T.  13  N.,  R.  15  W.  and  vicinity,  the  locati 
which  is  shown  in  fig.  13. 

The  flowing  or  nearly  flowing  wells  are  located  near  the  bas< 
series  of  morainal  hills  of  some  height  bordering  the  flats  in  the  & 
west  comer  of  the  section.  A  few  details  regarding  the  wel 
given  in  the  accompanying  table: 
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The  Bronstrom  well  was  driven  28  feet  and  drilled  the  rest  of  the 
ly  in  "pebble  rock/'  possibly  cemented  gravel.  It  may  be,  bow- 
er, that  bed  rock  was  actually  encountered,  as  rock  is  reported  in 
her  wells  in  the  region  and  bowlders  are  unusually  numerous  a 
ort  distance  farther  west.  The  casing  extends  only  36  feet.  The 
iginal  flow  was  8  gallons  a  minute,  but  the  well  is  now  stopped  down 
about  half.  The  Donahue  well  originally  flowed  a  small  stream 
feet  above  the  surface,  but  ceased  a  few  hours  after  the  Bronstrom 
ell  was  opened,  thus  furnishing  an  interesting  case  of  a  higher  well 
fecting  the  supply  of  a  lower  well  on  the  same  vein. 

WATEIiWOBKS. 

HABT. 

The  Hart  waterworks  are  located  on  a  terrace  at  the  southern  edge 
the  town,  45  feet  or  more  higher  than  the  lower  or  northern  edge 
id  75  feet  higher  than  the  creek.  (See  p.  52.)  The  supply  is 
Dm  6  flowing  wells  112  to  152  feet  deep,  the  individual  depths  being 
12,  138,  125,  116,  114,  and  112  feet.  The  altitude  of  the  wells  is 
)out  730  feet,  which  would  make  the  elevation  of  the  water  bed  578, 
12,  605,  614,  616,  and  618  feet,  respectively.  Three  of  the  wells 
ere  sunk  in  1895;  the  others  in  1898.  Mr.  Jacks  was  the  driller. 
16  diameter  of  the  wells  is  6  inches;  head,  16  feet;  supply,  large; 
mperature,  49f°;  no  taste;  slight  scale;  medium  hardness.  For 
irtial  analysis,  see  page  91. 

The  water  flows  directly  from  the  wells  into  the  pipes,  the  pressure 
ing  about  8  pounds  at  the  station  in  winter.  In  summer  this  is 
duced  to  zero.  The  capacity  of  the  pumps  is  750,000  gallons  a  day. 
It  500,000  gallons  is  the  greatest  amount  so  far  used,  this  draft  low- 
ing the  water  to  15  feet  below  the  surface.  There  are  30  fire  hydrants 
id  about  400  taps,  supplying  somewhat  over  1 ,000  people.  The  sup- 
jr  is  not  as  large  as  could  be  desired  and  a  reservoir  is  talked  of. 
An  additional  supply  is  derived  at  times  from  three  wells  at  the 
ight  warehouse,  which  are  owned  by  the  village,  but  leased  with  the 
Uding.  They  are  4  inches  in  diameter  and  157,  164,  and  166  feet 
ep. 
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8HZLBT. 

Shelby  is  located  in  a  valley  between  hills  of  morainic  drift,  thede- 
vation  at  the  railroad  station  being  807  feet.  The  hills  are  100  feet  or 
more  higher.  The  wells  in  town  vary  from  about  45  to  120  feet  in 
depth,  the  most  common  depth  being  between  50  and  100  feet.  The 
largest  supplies  are  said  to  be  obtained  at  about  70  feet.  The  water 
was  mostly  quite  hard. 

The  deepest  well  in  the  town  is  at  George  Gretty's  mill,  at  an  eleva- 
tion of  807  feet.  The  depth  of  the  well  is  516  feet.  Near  the  botton 
the  pipe  struck  a  stone  and  was  deflected,  making  it  necessary  t( 
abandon  the  well.  Very  little  water  was  obtained,  and  it  did  noi 
originally  rise  near  the  surface,  but  it  was  thought  that  a  flow  wai 
passed  through  on  the  way  down.  The  well  was  capped  and  allowe( 
to  stand  for  some  time.  On  taking  the  cap  off  the  well  flowed  weaklj 
but  ceased  soon  after.  An  attempt  was  made  to  dynamite  the  pip 
at  the  supposed  water  horizon,  but  the  shot  was  exploded  by  a  blur 
der  at  50  feet  and  the  well  was  ruined.  It  is  not  impossible  that  flov 
may  be  obtained  along  the  valley  near  Shelby. 

The  public  water  supply  is  derived  from  two  wells  located  at  tl 
electric-light  and  water  plant  on  the  east  side  of  the  village  and  own< 
by  the  town.'  The  w.ells  are  125  feet  deep,  but  the  water  rises 
within  70  feet  of  the  surface  and  is  pumped  to  a  circular  brick  res< 
voir  on  the  hill  east  of  and  above  the  waterworks,  and  from  there 
is  distributed.  It  is  under  a  pressure  of  72  J  pounds.  The  daily  st 
ply  is  usually  from  100,000  to  200,000  gallons. 

PENTWATEB. 

Pontwator,  in  northwestern  Oceana  County,  is  located  on  a  san 
flat  about  5  to  15  foct  above  Pontwater  Lake,  an  inclosed  bay  c( 
nocted  witli  Lake  Michigan  by  an  artificial  channel.  The  count 
back  of  the  town  risos  more  or  less  gradually  to  a  broad  terrace  1 
foot  or  nioro  above  the  lake  level. 

The  wolls  in  town  are  generally  very  shallow,  extending  to  la 
lovol  or  loss,  10  foot  being  about  the  average  depth.  The  mater 
near  the  shore  is  mainly  sand;  farther  back  there  are  some  thin  cl 
seams.  In  a  well  sunk  by  Sands  and  Maxwell  at  the  comer  of  Hf 
cock  and  Fourth  streets  to  a  depth  of  1 87  feet,  the  material  was 
till  bolow  the  up[)or  15  to  20  feet,  which  was  sand.  The  well  did  r 
flow. 

The  public  supply  is  obtained  mainly  from  40  to  45  wells,  8  to 
foot  above  lake  lovol,  situated  along  Hancock  street  between  Seco 
and  Third,  and  west  along  the  latter  streets  for  half  a  block  or  mo 
The  depths  are  from  16  to  24  feet  and  the  diameter  from  2  to  4  inch 
Thiee-foot  strainers  are  used  with  the  2-inch  pipe  and  5-foot  strains 
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nth  the  4-mch  pipe.  Strainers  4  inches  in  diameter  were  formerly 
connected  with  li-inch  pipes,  but  the  flow  was  so  sluggish  through 
,hem  that  they  soon  became  clogged.  The  strainers  now  used  are 
jnly  slightly  larger  than  the  well  pipe  and  much  less  trouble  is  expe-' 
rienced.  The  water,  though  not  tasting  of  iron,  deposits  a  reddish 
sediment.  There  is  also  a  distinct  organic  taste,  variously  attributed 
to  lack  of  proper  flushing  of  the  pipes  or  to  the  drawing  in  of  lake 
water  when  pumping  is  excessive.  It  should  be  noted,  however,  that 
the  taste  is  less  conspicuous  at  the  wells  than  in  the  more  remote  parts 
of  the  system. 

While  the  water  is  only  moderately  hard  and  there  is  nothing  in  its 
analysis  to  indicate  any  difference  from  other  Michigan  waters  (see 
analysis,  p.  91),  the  supply  can  not  be  regarded  as  an  entirely  safe 
one.  There  is  no  clay  or  other  impervious  layer  to  prevent  the  seep- 
age from  privies,  cesspools,  etc.,  from  passing  directly  downward  and 
polluting  the  ground  waters,  especially  near  the  surface.  It  is  true 
that  natural  sand  acts  to  a  certain  extent  as  a  filter  and  through  its 
bacteria  tends  to  break  down  the  dangerous  substances  present,  but 
when  new  polluting  matter  is  constantly  being  added  a  time  will  come 
when  the  ground  is  saturated  and  the  ground  water  inevitably  pol- 
luted. The  remedy  ordinarily  would  be  to  go  deeper,  where  the  water 
would  be  from  a  more  remote  and  less  thickly  settled  source.  At 
Pentwater,  however,  glacial  till,  which  carries  very  little  water,  is 
encountered  a  few  feet  below  the  surface.  Wells  sunk  above  the  town 
on  the  east  would  give  safe  supplies,  but  it  is  not  known  whether  suffi- 
cient volume  could  be  obtained  there.  The  next  best  source  would 
doubtless  be  from  wells  across  the  harbor  on  the  Lake  Michigan  shore 
or  even  from  that  lake  itself. 

The  waterworks  are  o^^^^ed  by  the  village,  but  are  leased  to  the 
Oceana  Electric  Light  Company  (B.  C.  Lindly,  manager),  which  for 
the  sum  of  about  $165  per  month  supplies  the  town  with  water  and 
twenty  1,000  candle-power  lights.  The  franchise  is  for  ten  years. 
The  average  daily  supply  is  said  to  be  250,000  gallons,  but  this  can  be 
increased  to  600,000  from  the  wells  alone,  and  to  1 ,000,000  if  the  lake 
is  drawn  upon.  The  water  is  distributed  from  a  trunk  main,  10  inclies 
in  diameter,  along  Hancock  street,  and  by  various  smaller  laterals. 
The  ordinary  pressure  is  40  pounds,  which  can  be  greatly  increased  in 
case  of  fire. 
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MISCELIiANEOUS  VILLAGE  SUPPLIES. 

The  following  tabic  gives  data  on  village  supplies: 
•     VUlage  suppliea  in  Oceana  Couniy. 
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WATER    SUPPLIES    OF    NEWAYGO    COUNTY. 

By  Myron  L.  Fuller. 

GENERAL.  STATEMENT. 

Newaygo  County  is  situated  immediately  east  of  Oceana  and  Mus- 
kegon counties,  about  midway  of  the  western  side  of  the  Southern 
Peninsula.     It  was  covered  by  the  Lake  Michigan  glacial  lobe,  at 
whose  junction  with  the  Saginaw  lobe  is  in  an  int'Crlobate  moraine 
wdiich  occupies  the  eastern  part  of  Newaygo  County  and  the  western 
part  of  Mecosta.     This  moraine  has  points  within  the  county  whose 
altitude  exceeds  1,200  feet,  and  its  general  elevation  iij  more  than 
1,000  feet.     It  is  traversed  by  Muskegon  River,  which  leaves  it  on 
the  wTst  at  about  700  feet  al)ove  tide  and  descends  to  about  600  feet 
at  the  southwest  corner  of  the  county.     West  of  the  interlobate 
moraine  is  a  gravel  plain  several  miles  in  width  occupying  much  of 
Home,  Monroe,  and  Wilcox  townships  and  parts  of  Everett,  Brooks, 
and  (irant  townships.     The  western  half  of  the  county  is  occupied  by 
prominent  morainic  tracts,  which  an*  interrupted  by  a  network  of 
valleys,  which  served  as  lines  of  glacial  drainage,  and  which  are  now 
traversed  by  the  South  Pere  Maniuette  and  White  rivers  and  their 
tributaries  and  by  ^fuskegon  River.     Flowing  wells  have  been  found 
at  Newaygo,  in  the  valley  of  Muskegon  River,  at  Ilesperia,  in  the  val- 
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White  River,  in  and  near  Fremont,  on  a  plain  on  the  western 
r  of  a  prominent  moraine,  and  near  Grove,  in  the  southeastern 
►f  the  county  on  the  western  border  of  the  interlobate  moraine, 
riter  has  examined  all  but  the  last  of  these  districts  and  that  is 
«ed  by  Mr.  Bowman.  As  in  Oceana  County,  wells  on  the  ele- 
morainic  tracts  are  often  100  to  180  feet  in  depth  with  but  little 
*  water.  Much  of  the  county  is  unsettled,  and  its  water  sup- 
ire  thus  only  partly  developed.  The  village  supi>lies  as  well  as 
>wing  wells  are  discussed  below. 

FLOWING  WELLS. 

Tc  are  four  artesian-well  districts  of  some  importance  in  this 
y — at  Ilesperia,  Fremont,  and  Newaygo,  and  in  Ensley  and 
townsliips.  Several  scattered  flowing  wells  are  also  reported 
a  number  of  other  points.  A  small  district  southwest  of  Hes- 
is  described  under  Oceana  County. 

^peria  is  located  on  the  boundary  between  Newaygo  and  Oceana 
ies,  the  county  line  passing  through  the  principal  street.  Two 
I  three  wells  are  located  in  Oceana  County,  but  as  the  largest 
vhich  furnishes  a  private  water  supply  for  a  part  of  the  town  is 
kI  in  Newaygo  County,  this  district  is  considered  here. 
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•  Flowing  wef/s    o  f/onf/owing  tubular  wel/s 
I.— Plat  of  Ilesperia,  Newaypo  County,  showing  locations  of  wells  and  privates  waterworks. 

HESPERIA. 

.  14  shows  tho  locations  of  tlic  three  wells.  They  are  situated  on 
ace  adjoinint;  Wliitc  Kivcr  and  some  15  feet  above  the  stream, 
approximate  elevation  is  750  feet.  The  statistical  data  of  the 
is  wells  are  presented  in  the  accompanying  table  for  purpose  of 
arison. 
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Wells  of  Hesperia  digtriet. 
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The  Johnson  well  encountered  many  seams  of  sand  and  gravel  with 
water  all  the  way  down,  as  did  the  Bush  and  Maze  wells,  but,  with 
the  exception  of  a  small  supply  in  the  Johnson  well  at  70  feet,  no 
flows  were  obtained.  The  water  at  180  feet  in  the  Johnson  well  was 
found  beneath  20  feet  of  clay,  which  stands  without  casing.  In  the 
Bush  and  Maze  wells  the  upper  part  was  predominatingly  sand  and 
the  lower  part  predominatingly  clay,  with  water  in  gravel  at  the 
bottom. 

Mr.  F.  B.  Henry,  well  driller,  Wilcox  Township,  reports  a  2-inc^ 
well,  drilled  for  Robert  Wilson,  of  Hesperia,  in  1900.  The  depth  ' 
170  feet,  the  head  is  38  feet  above  the  surface,  and  the  flow  is  vei 
strong.  No  such  well  was  heard  of  when  inquiry  was  made  on  tl 
ground,  unless  it  may  be  the  Johnson  well  (formerly  owned  by  G.  I 
P^Id  ridge). 

Tliere  are  at  least  four  different  water  horizons  being  drawn  upa 
in  the  town.  The  first  general  horizon  is  about  50  to  60  feet  belo 
the  surface,  and,  although  not  furnishing  flows,  it  is  the  source  ^ 
most  of  the  town  wells,  including  the  hotel  and  Carlisle  wells.  Th 
next  horizon  is  that  encountered  by  the  Perkins  well  at  100  feet,  aim 
the  water  rises  near  enough  to  the  surface  to  be  piped  laterally  to 
trough  on  lower  ground.  The  third  horizon  is  at  120  feet  and  wa 
encountered  in  the  Bush  and  Maze  wells;  it  gives  moderate  flow^ 
The  fourth  is  at  180  feet,  yielding  large  flows  and  a  strong  head.  ^ 
very  shallow  horizon  was  also  struck  in  1899  by  S.  Hagerdorm  at  1 
feet,  but  the  flow  was  poor  and  the  well  was  abandoned. 

The  surface  water  is  probably  lowest  in  mineral  matter,  and  as  i 
underlies  a  clay  can  be  regarded  as  a  safe  drinking  water.  The  wate 
from  the  100-foot  or  1 20-foot  horizons  carries  little  iron,  but  is  marker 
by  a  large  amount  of  sulphates,  which  is  very  unusual  for  Michigan 
drift  waters.  The  180-foot  water  shows  no  sulphates,  but  a  consicJ 
erable  amount  of  iron.  Partial  analyses  are  given  in  the  table  oi 
page  91. 

The  wells  are  put  to  all  ordinary  uses — store,  ])arn,  hotel,  aO^' 
domestic.    The  Johnson  well  is  especially  important,  since  it  affoi^ 
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ipply  of  a  private  water  system,  furnishing  water  to  15  buildings, 
ding  a  hotel,  barber  shop,  market,  and  several  private  residences 
ig.  14).  The  water  at  the  highest  house  will  rise  8  feet  above  the 
id  or  20  feet  above  the  well.  A  large  fountain  in  the  yard  of  the 
r  also  gets  its  supply  from  the  well. 

seems  almost  certain  that  many  more  flows  could  be  obtained 
both  the  120-foot  and  180-foot  horizons  by  wells  located  almost 
rhere  on  the  flat  on  which  the  town  is  situated.  Flows  may  pos- 
be  obtained  on  the  high  terrace  at  the  southern  edge  of  the  town, 
they  would  be  less  satisfactory  than  on  the  lower  land.  An 
int  sufficient  for  the  town  could  probably  be  obtained  from  wells 
out  much  difficulty,  and  the  sources  are  probably  ample  to  supply 
ge  number  of  private  wells  if  not  allowed  to  flow  too  freely.  The 
)T  appears  to  come  from  the  morainal  hills*  south  of  town. 

YSEKOHT  DI8TBICT. 

I  this  district  are  included  two  clusters  of  wells  in  the  town  of 
nont  itself,  a  group  at  Fremont  Lake,  a  mile  southwest  of  town, 
outlying  wells  in  the  SW.  }  sec.  8,  T.  12  N.,  R.  13  W.,  and  m  the 
sec.  22,  T.  12  N.,  R.  14  W. 
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.—Plat  of  Fremont,  Newaygo  County,  showing  location  of  waterworks,  mains,  and  important 

wells. 

le  location  of  the  town  wells  is  shown  in  fig.  15  and  that  of  the  out- 
wells  in  fig.  17  (p.  69). 

FREMONT. 

e  town  of  Fremont  lias  for  many  years  obtained  its  water  from 
,  the  first  being  sunk  about  1S83.  They  were  twenty  in  number, 
3eing  6  inches  in  diamoter  and  the  remainder  1  inches,  and  were 
ged  along  a  trunk  pi|)o  extending  west  and  a  little  north  from  the 
>ing  station,  the  four  lar<j;e  wells  being  at  the  end  of  the  pipe, 
ig.  15.)  The  depths  varied  from  GO  to  07  feet,  and  the  materials 
intered  were  gravel,  sand  (some  of  it  much  \\ke  cVay^ ,  «k.xA  ^\v\XXfe 
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clay.  Ninety-mesh  screens  were  placed  at  the  bottom,  but  sooi 
became  clogged,  as  the  water  carried  much  iron  and  lime.  The  ol 
wells  failing  to  give  an  adequate  supply,  two  new  2-inch  wells  wer 
sunk  in  1902  to  225  and  226  feet,  respectively,  which  together  yiek 
125,000  gallons  daily.  Much  clay  was  encountered  and  somecementei 
material,  like  sandstone.  The  water  is  from  immediately  under  a  cla; 
bed,  and  is  strongly  mineralized,  carrying  much  iron,  lime,  and  sul 
phates.  (See  table,  p.  9 1 ,  for  partial  analysis.)  Some  sand  is  brougfa 
up  with  the  water. 

The  wells,  which  have  a  head  of  20  feet,  flow  into  two  cisterns  o 
reservoirs  back  of  the  station,  from  which  the  water  is  pumped  int 
the  mains.  The  ordinary  pressure  maintained  is  60  pounds,  but  thi 
can  be  raised  to  120  pounds  if  necessary  in  case  of  fire.  There  are  1 
fire  hydrants. 

The  wells  at  and  near  the  Hagerdorm  Laundry,  in  Fremont,  ar 
located  in  a  depression  among  low,  rolling,  drift  hills,  at  an  altitude  c 
about  775  feet.  The  land  rises  distinctly  both  to  the  north  and  to  th 
south. 

The  laundry  is  on  the  site  of  a  former  creamery.  In  digging  a  hok 
about  1901,  in  which  to  dispose  of  the  refuse  of  the  creamery  flowin 
water  was  encountered,  and  this  led  to  the  sinking  of  six  wells.  (Fi{ 
15,  Nos.  1-6.)  No.  6  is  located  in  the  laundry,  and  supplies  the  boilei 
the  others  are  situated  in  the  rear  of  the  building.  No.  5  is  the  largest 
and  is  said  to  have  thrown  a  jet  3  feet  high  from  a  3-inch  pipe  the  to 
of  which  is  about  3  feet  above  the  ground.  The  water  flows  into  a  soi 
of  reservoir.  No.  2  feeds  a  small  fish  pond,  and  will  throw  a  2-inch  je 
1  foot  high.  The  water  was  found  underneath  a  rather  imJform  cla; 
bed  at  approximately  the  same  depths  in  all  the  wells,  the  differeD 
depths  depending  upon  the  distance  the  pipe  was  driven  into  th 
underlying  sand. 

The  water  is  free  from  iron  and  sulphates,  and  has  only  about  ha 
the  lime  usually  present  in  Michigan  drift  waters,  which  makes  it  a 
ideal  supply  for  the  purpose  for  which  it  is  used.  A  partial  analys 
will  be  found  in  the  table  on  page  91. 

The  success  of  the  laundry  wells  led  the  o^Tiers  of  adjoining  proper! 
to  try  for  flows,  but  none  were  obtanied,  notwithstanding  the  fact  thi 
trials  were  made  within  50  feet  on  both  sides,  one  neighbor  puttu 
down  6  test  holes.  The  houses  along  the  opposite  side  of  the  road  a 
only  a})out  50  feet  apart,  but,  although  all  have  wells  deep  enough 
have  encountered  flows,  none  were  obtained.  A  block  and  a  hi 
south,  however,  Mullins  &  Bode  obtained  a  flow  from  the  same  horizi 
as  the  laundry,  as  was  determined  by  the  fact  that  its  supply  was  c 
off  in  three  hours  when  the  largest  laimdry  well  was  allowed  to  flc 
freeh^  (No.  5).  This  would  indicate  that  the  water  seam  continues  f 
some  distance,  but  that  it  is  very  narrow.     The  width  can  not  be  mu< 
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50  feet,  as  it  was  not  encountered  by  the  neighboring  houses.  Its 
I  suggests  an  old  sand-filled  stream  channel  afterwards  covered  by 
.  The  source  of  the  water  is  probably  the  low  hills  to  the  south. 
re  is  some  talk  of  utilizing  the  wells  for  a  fish  hatchery  or  public 

he  character  of  the  materials  in  the  adjacent  wells  is  very  variable, 
le  find  sands  with  nonflowing  water,  others  all  clay,  still  others 
in  part  and  sand,  with  water  rising  nearly  to  the  surface. .  One 
a  block  north  went  200  feet  without  getting  water  at  all.  There 
is  to  be  some  clay  in  the  water-bearing  bed  at  the  laundry,  as  the 
3r  was  roily  during  thimderstorms  when  the  wells  were  first  sunk, 
flow  is  said  to  slacken  when  the  wind  is  northwest. 
he  largest  well  in  Fremont  outside  of  those  already  mentioned  is 
tannery  well,  which  is  variously  reported  as  from  200  to  280  feet 
).  What  appears  to  be  the  best  information  places  it  at  225  feet, 
le  same  ^  the  adjacent  waterworks  well.  A  shallow  well,  18  feet 
),  which  will  flow  at  1  foot  above  the  surface,  is  reported  at  the 
je  of  John  Timmer,  but  a  pump  is  used  to  raise  the  water  to  the 
.  Mr.  Yergin,  at  the  west  end  of  town,  is  said  to  have  a  small 
,  while  still  another  has  been  reported  at  the  planing  mill  beyond 
railroad. 

FREMONT   LAKE. 

he  wells  at  Fremont  Lake  are  located  on  a  low,  flat,  sandy  terrace  a 
feet  above  the  water's  edge  and  within  a  few  hundred  feet  of  the 
e.  A  short  distance  farther  back  the  land  rises  abruptly  some  20 
or  more  to  a  rolling  terrace,  while  still  farther  north  it  becomes 
^  The  materials  penetrated  in  the  different  wells  are  quite  vari- 
L  In  the  Chamberlain  well  they  were  as  follows:  Sand  95  feet, 
'  30  feet,  sand  18  feet  (water  at  54  feet  and  at  bottom),  while  in 
Hain  well  there  was  sand  to  50  feet,  then  clay  to  100  feet.     A  well 


■^ ^-___^^ 


Fio.  16.— Arrangements  at  Ilain  well,  Fremont  Lake,  Newaygo  County. 

k  by  Gerber,  Raider,  Schoolmaster,  and  others  went  300  feet 
)ugh  alternating  clay   and   sand.     It   is   said   some   water   was 
ained  at  150  feet  and  at  the  l)ottoin,  but  the  pipes  clogged  and  the 
IBB  18a— 00 0 
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supply  was  lost.  It  is  reported  that  it  was  intended  to  dynamite  th 
well  at  100  feet,  but  by  accident  the  charge  went  off  at  50  feet  am 
spoiled  the  well.  No  flows  were  reported.  Further  data  relating  t^ 
the  wells  are  given  in  the  tabj^  on  page  70. 

The  Hain  well  is  so  piped  that  it  is  possible  to  determine  the  flowun 
der  a  number  of  different  conditions.  The  results  are  presented  below 
The  well  is  2  inches  in  diameter,  the  casing  projecting  about  2  fee 
above  the  surface.  At  1  i  feet  a  2-inch  horizontal  pipe  4  feet  in  lengtl 
is  attached,  at  the  end  of  which  is  a  }-inch  pipe  with  two  faucets,  J 
and  J- inch,  respectively.  (See  fig.  16.)  The  results  of  the  measure- 
ments were  as  follows: 

Measurement  of  flow  of  Hain  iw0 . 
Both  faucets  flowing:  per 


}-inch  faucet K 

J-inch  faucet z 

Combined  fiow «. fi 

One  faucet  flowing: 

}-inch  faucet 2 

J-inch  faucet ■ 

Faucets  removed: 

i-inch  hori2K>ntal  pipe 4 

Estimated  yield  if  flowing  from  2-inc!i  horizontal  pipe a  2fcl 

OUTLYING    WELLS. 

The  schoolhouse  well  (fig.  17)  is  located  in  sec.  8,  T.  12  N.,  R.  13  W. 
on  a  southwest-facing  slope,  about  10  feet  below  the  crest  of  a  ris^ 
immediately  behind  it  and  about  10  feet  above  the  creek  bottom  ii 
front.  South  of  the  creek,  in  the  SE.  \  sec.  7,  are  low,  rolling,  drifi 
hills.  All  other  wells  in  the  vicinity  arc  shallow.  The  water  pre 
sumably  comes  from  the  north,  probably  for  some  distance,  as  tb 
hills  in  the  immediate  vicinity  are  thought  to  be  too  low  to  give  th 
observed  head.  The  water  tastes  of  iron.  A  partial  analysis  is  give 
in  the  table  on  page  91.     For  additional  data  see  table  on  page  70. 

The  ri.  B.  Markle  well  (fig.  17)  is  located  in  sec.  22,T.  12  N.,  11. 14  W 
on  the  north  slope  of  the  morainic  hills  in  the  S.  i  sec.  22,  about  1 
feet  above  the  west-east  valley  extending  across  the  center  of  tl 
section.  The  water  probably  comes  from  the  south.  The  flow  hi 
decreased  considerably  on  account  of  clogging.  The  water  is  high  i 
iron  and  carries  about  the  usual  amount  of  lime.  The  table  on  pa{ 
70  gives  additional  data. 

a  I)oi>ondcnt  on  the  (luantity  druwii  upon  and  tlio  ability  of  the  sand  to  give  up  its  supply  with  so 
pient  rapidity. 
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SUMMARY. 

nber  of  flowing  wells  at  Fremont  is  greater  than  in  the  major- 
bricts,  largely  because  a  greater  number  of  deep  wells  have 
:  on  account  of  lack  of  satisfactory  shallow  supplies  such  as 
only  present  in  Michigan.  There  is  no  single  horizon  of  any 
jnt,  each  well  or  group  of  wells  drawing  from  an  independent 
n  of  very  limited  extent.  At  the  laundry,  as  has  been 
,  the  water-bearing  bed  is  less  than  50  feet  wide,  and  even  at 
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10. 17.— Map  showing  rt'lation  of  outlying  flowing  wcIIh  of  Fremont  district. 

where  the  conditions  for  flow  are  most  favorable,  one  1^00- 
f ailed  to  get  water.  Near  the  schoolhouse  well  (lows  may 
)e  had  along  the  creek  valley  or  a  few  feet  above,  but  they 
tbly  be  small.  Somewhat  larger  flows  might  be  found  in  the 
ir  the  Markle  well.  The  points  most  favorable  for  flows  are 
idjacent  to  hills  of  considerable  elevations.  Flows  would 
be  quite  general  about  the  shores  of  Fremont  Lake. 


70 


W1<:LLS   and   water   supplies  in   southern    MICHIGAN. 


The  statistical  data  of  all  the  wells  are  given  in  the  table  below: 
Wells  of  Fremont  distrid. 
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FLOWING    WELLS. 

The  NTewaygo  district,  wliich  has  about  10  wells,  is  located  al( 
the  State  road,  the  principal  street  in  town..    The  wells  (fig.  18) 

all  sunk  to  an  imperl 
terrace  15  to  30  1 
above  the  flood  plaii 
Muskegon  River.  B 
of  the  lower  terrace 
land  rises  abruptly 
the  extensive  upper 
race  100  feet  or  n 
above  the  river.  ' 
wells  are  within  a 
hundred  feet  of  the  1 
of  the  bluff.  Theca 
mont  area  is  probably  on  the  upper  terrace,  perhaps  several  n 
back  from  the  river. 
Much  of  the  information  relating  to  the  wells  is  given  in  the  tj 


FiQ.  18.— Plat  of  Newaygo,  showing  location  of  waterworks, 
mains,  and  flowing  wells. 
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low.  From  this  it  appears,  after  making  allowance  for  slight  varia- 
>ns  in  the  level  of  the  ground  and  in  the  depths  of  the  wells,  that  all 
le  wells,  with  the  exception  of  the  Eckard  and  Whitman  wells  at  the 
.st  end  of  town,  obtain  their  supplies  from  a  single  shallow  horizon 
)  feet  from  the  surface.  The  first  flowing  well  was  obtained  about 
drty  years  ago  by  Edwards  (at  hardware  store).  This  was  dug  20 
et  and  then  bored  with  auger  to  a  water  bed  at  about  30  feet,  at 
hich  depth  a  powerful  stream,  which  filled  the  well  and  overflowed 
1  the  surface,  was  encountered.     The  well  has  since  clogged  up  and 

now  pumped.  In  fact,  all  the  wells  show  more  or  less  loss  of  water 
om  clogging,  supposedly  by  clay,  but  possibly  from  the  deposition  of 
dneral  matter  on  the  screen.  The  materials  encountered  are  alter- 
ftting  sands  and  clays,  largely  the  latter,  the  water  being  generally 
)und  in  gravel  beneath  the  clay. 

For  description  of  the  flowing  wells  at  the  waterworks  see  discussion 
f  the  public  supply  (p.  72). 

WeUs  of  Newaygo  artesian  district. 


"OnJy  Icnown  failure  within  limits  of  (ipveloiwd  area:  failure  probably  duo  to  fineness  of  water- 
Wiring  material. 

*  In  a  cellar  about  7  feet  below  sidewalk.    Strong  flow  at  first  utilized  in  a  fountain  in  the  store,  but 
Jit  prevented  the  flow  of  adjacent  wells  it  wus  stopped  <lown. 

'Decreased  In  flow.    Nos.  3  and  I  an*  only  'A)  feet  apart,  and  when  No.  4  at  corner  of  tlie  building 
Qside  sidewalk  is  allowed  to  flow  freely  No.  :i  at  the  watering  trough  creases  or  is  greatly  diminished. 
**  Does  not  flow  now,  but  is  drawn  to  the  second  story  by  a  suction  pump. 
'  First  successful  flow. 

f  In  sidewalk  in  front  of  the  store:  now  cappi'd. 

y  Sulphur  water,  piped  2oO  feet  tt)  the  next  house  west.    Although  the  piping  leaked  badly  when  seen, 
here  seemod  to  be  considerable  pres.su re  and  a  good  flow. 

'Ceased  to  flow;  remedied  by  forcing  snuill  jwbbles  through  pi])e  into  clay  at  bottom. 
'  In  lot  next  west  of  Methodist  ChuiX'h. 
/  Roily  water. 

*  Flowed  for  eight  or  ten  years,  but  has  tiow  ceased. 

The  quality  of  the  water  is  indic^atod  in  the  table.  It  is  medium 
lard  and  carries  somewhat  more  than  the  average  amount  of  irou.  A. 
DartiaJ  analysis  of  the  Thompson  well  (No.  4)  is  gwciv  ow  Y>«^^<^  ^V. 
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The  prospects  for  extending  the  district  drawing  from  the  present 
horizon  are  slight.  If  more  wells  were  sunk,  they  would  doubtleaB 
obtain  flows,  but  would  result  in  a  loss  to  the  other  wells,  since 
the  supply  is  nearly  all  used.  Surface  supplies  are  to  be  had  ii 
abundance:  in  fact  springs  of  some  size  formerly  broke  outwhwB 
the  road  now  is,  but  they  would  be  dangerous  to  use  for  drinkin 
purposes.  It  is  stated  that  the  flowing  wells  in  town  are  aflfectedby 
the  drawing  of  supplies  from  the  waterworks  wells.  If  this  is  the  case, 
it  would  point  to  a  common  water  bed.  It  is  not  improbable  tint 
other  flows  could  be  obtained  by  going  deeper,  say  from  50  to  150a 
200  feet.  This  may  soon  be  desirable  if  the  town  continues  to  dnw 
a  portion  of  its  supply  from  the  creek. 

WATERWORKS. 

The  water  system  of  this  j)lace  is  owned  by  the  town  and  has  the 
reputation  of  being  one  of  the  cheapest  in  the  State.  The  water- 1 
works  are  located  in  a  deep  ravine  cut  by  a  creek  crossing  the  terrace  | 
above  the  town.  This  terrace  is  about  70  feet  above  the  village,  but 
the  waterworks  are  i)erliaps  60  feet  lower.  The  supply  is  from  about 
14  wells,  most  of  them  2  inches  in  diameter  and  18  to  20  feet  deep. 
Six  are  located  in  the  large  cistern  in  the  rear  of  the  plant  and  eight 
are  outside.  All  but  two  flow,  the  water  rising  about  4  or  5  feet 
above  the  surface  and  being  conducted  into  the  cistern,  which  is  H 
feet  deep  and  22  feet  in  diameter.  The  cbtem  fills  to  within  about  2 
feet  of  the  top  and  would  probably  overflow  if  the  supply  was  not 
drawn  upon.  The  tops  of  the  wells  are  about  6  feet  below  the  top  of 
the  cistern. 

The  sup])ly  from  the  wells  is  about  500,000  gallons  per  twenty-four 
hours  and  was  ample  until  recently,  when  the  large  cement  plant 
be<i:au  using  water.  It  is  now  necessary  to  draw  from  the  pond  just 
above  tlie  puni])  house.  The  water  carries  some  iron  and  is  fairly 
hard,  l)ut  is  used  in  boilers. 

The  wat(^r  is  forced  into  the  mains  by  means  of  pumps  operated  by 
watcM*  power,  tlie  pressure  recjuired  to  force  it  over  the  hills  in  volume 
suflicic^nt  for  the  demands  being  about  45  pounds.  The  pressure  i^ 
town  is  ()()  pounds.  The  location  of  the  mains  is  shown  in  fig.  1^ 
Then*  are  about  15  fire  hydrants. 

Th(»  use  (jf  the  water  from  the  stream  or  i)ond  should  be  discoil 
aged,  as  it  is  practically  impossible  to  foresee  or  prevent  poUutiol 
even  with  the  ])resent  small  number  of  buildings  on  the  watershet 
The  liealth  of  the  users  of  the  supply  should  not  be  endangered  fc 
the  sake  of  the  additional  revenue  derived  from  the  sale  of  water  1 
tlie  cement  plant  or  other  manufacturing  establishments.  A  saf< 
way  than  drawing  from  the  river  would  be  to  sink  more  welk  or,  pe 
haps,  utilize  the  large  springs  near  the  station.  The  water,  howeve 
would  be  hard  and  would  carry  some  iron. 
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EK8LEY  DISTBICT.a 

Ensley  flowing-well  area  is  about  12  square  miles  in  extent,  and 
\t  east  of  Rice  Lake  in  the  two  eastern  tiers  of  sections  of  Ensley 
hip.  There  are  eight  flows  in  all,  yielding  a.  total  supply  of 
41  gallons  a  minute  (fig.  19).  The  development  of  this  area  is 
int  date,  the  first  well  being  driven  in 

The  water  contains  a  considerable 
it  of  iron,  which  incrusts  the  pipes, 
raphically  the  area  is  of  strong  reUef 
C5entral  part,  and  is  thus  suitable  for 

It  Kes  on  the  western  border  of  a 
andy  moraine,  which  is  probably  the 
nent  area  for  the  artesian  supply.  Its 
(m  part  is  flat,  with  a  clayey  subsoil, 
hole  is  drained  by  small  westward- 
Z  streams,  which  empty  into  Rice  Lake 
)utlet.  River  Rouge, 
following  record  of  material  illustrates 
iiidy  portion  of  the  district,  but  in 
clay  is  at  the  surface. 

Record  of  Albert  Marvin  well. 


yellow  sand,  water-t)earing 

drysand 

ly  with  stones 

i,  growing  coarser  with  Increas- 
)th  until  coarse  water-bearing 
8  encountere<l 


Thickness. 

Total. 

Feet. 
30 
If) 
ir. 

Feet. 
30 
45 
60 

21 

81 

^To  /i'iV^r  ^9tw^  M  i 
\  Present  development 
1  Possible  extension 


FiQ.  19.— Location  of  Ensley  flow- 
ing wells,  Newaygo  County,  In 
relation  to  local  drainage. 


above  well  is  exceptional  in  the  area 
je  \is  flow  has  decreased.     This  is  as- 

by  the  owner  to  the  corrosion  of  the 
md  the  incrustation  of  the  screen, 
a  small  flow  and  water  containing  a 
)ercentage  of  iron  this  occurs  more 
y  than  with  a  strong  flow.  It  is  a  condition,  nevertheless, 
1  which  all  the  wells  furnishing  chalybeate  water  are  tending, 
re  is  opportunity  for  much  further  development  of  the  area,  and 
empt  to  get  a  flow  on  tlie  western  and  southwestern  borders  of 
ea  has  been  unsuccessful  so  far  as  known.  The  ability  to  get  a 
111  supply  at  a  deptli  of  a  few  feet  often  delays  the  complete 
pment  of  an  aroji,  (lesj)ite  the  fact  that  in  the  case  of  a  flow  at 
an  200  feet  thert^  is  a  ^ood  return  for  the  outlay. 


o  Data  by  Isaiah  liowman. 
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Wdls  in  Endey  dtstrid  {T.  11  N.,  R,  11  F.). 

• 

Letter 

on  fig. 

19. 

Sec- 
tion. 

Owner. 

When 
made. 

Depth. 

Eleva- 
tion. 

Water 
rises 
to- 

Flow  per 
minute. 

Temper- 
stare. 

A 

B 

7 
5 
8 
17 
20 
17 
19 
31 

Schoo'l  district  No.  3l 

James  Downing 

''i96i** 

1894 
1901 
1895 
1900 
1899 

FeeL 

'J? 

45 
30 

osr 

54 
81 
112 

Feet. 
8337 
883 
880 
883 
884 
888 
880 
888 

FeeL 
848? 
883 

883 

889 

886 

900+ 

882 

891 

QaUmu. 
20 

•f. 

c 

J.  Hanson T. 

.33 
.5 
.5 
18 
.75 
1 

51 

D 

SI 

F 

J.M.Smali 

jas 

E 

David  Hotell 

ai 

0 

A.  Marvin 

Al 

n 

School  district  No.  9. 

Al 

ISOLATED  FLOWS. 

In  addition  to  the  foregoing  districts,  a  number  of  isolated  flowing 
wells  have  been  reported.     These  are  given  below: 

Kirk. — ^A  flow  rising  several  feet  above  the  surface  is  reported,  but 
details  are  lacking. 

Volney. — ^A  well  sunk  by  S.  Hagerdorm  on  a  ridge  in  village  of  Vol- 
ney  found  water,  which  rose  to  surface  at  40  feet.  If  located  a  lew 
feet  to  one  side,  wells  would  flow.  The  conditions  are  not  unifonn, 
however,  as  another  well  near  by  went  80  feet  in  sand  and  gravel  with- 
out getting  a  flow. 

Lincoln  Township, — A  well  with  a  small  flow  is  reported  on  property 
of  C.  Kent,  about  4  miles  northwest  of  Whitecloud. 

Wooster, — A  well  flowing  a  i-inch  stream  is  reported  on  the  Murphy 
and  Hill  farm  near  Long  Lake,  Wooster  station,  Sherman  Township, 
a  few  miles  northeast  of  Fremont. 

Brunswick, — ^A  well  is  reported  to  have  been  drilled  by  S.  Hager- 
dorm in  NW.  i  sec.  18,  T.  12  N.,  R.  14  W.,  in  1902.  It  is  located 
in  a  flat  district,  with  elevation  about  the  same  as  therailroad  (approxi- 
mately 750  feet).  The  depth  is  28  feet  and  diameter  \\  inches.  Tie 
material  is  all  clay  down  to  water-bearing  gravel.  The  well  flows  a 
J-inch  stream  of  hard  water,  with  much  iron,  giving  considerable  scale. 
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Sooroe. 

Depth  of  wells. 

Depth 
to 

princi- 
pal- 
supply. 

Town. 

From— 

To- 
Feei. 

Com- 
mon. 

Springs. 

etna 

No  retains 

Feet. 

Feet. 

Feet. 

jhland. 

Driven  wells 

20 
12 

8 

45 
160 
16 

35 
75 
12 

35 
60 
16 

Small. 

&'^.:::: 

Driven  and  open  weUs^ 

Medium. 

Driven  wells, 'springs 

Laige. 

MdgBton. 

No  returns  .'..'...T. 

)nmfwick 

do 

,'TOtOll 

Driven  wells  open  wells,  river 

12 
20 
15 

40 
120 
250 

20 
80 

18 
80 
250 

DUmondlock. .  r 

Driven  wells,  springs,  lake 

Small. 

fnmont 

Driven  wells  (some  flows ) 

Do. 

DoodweU. 

No  returns 

}nuit 

Driven  wells 

1 

35 
70 

25 
25 

30 

Do. 

SawkioB 

Driven  wells,  creeks,  lakes 

Do. 

Sober 

No  returns  .'. 

Banniiord .... 

Driven  wells,  creeks 

20 
8 
12 
12 

m 

12 
60 
32 

Do. 

DHven  wells,  springs,  creeks 

12 
40 

12 
40 
30 

Variable. 

Crk 

Driven  wells'  and  open  wells,  creeks 

Driven  wells,  creeks 

Large. 

r^ftke 

UU» 

No  returns 

McLeans 

Driven  weii^ 

16 
20 
14 
16 
16 
20 
8 

.   25 
130 

75 
100 

80 
106 

25 

25 

Do. 

Driven  wells,  river,  and  creek 

Springs  and  lake 

Variable. 

oZ^^.::::". 

35 
30 

70 
30 

'"Ti. 

Ptrto 

t^rive^  and  open  wells,  creeks 

iMnan, 

Driven  wells 

Small. 

^^.. :::::; 

do 

35 

35 

Sm^l. 

Volney.    .     . 

Driven  wells,  creeks 

Whltecioud 

Driven  wells,  river 

25 

25 

Do. 

Woodrille.. 

Drivwi  w«»|li» ... 

15 
50 

25 
70 

Wooeter 

do 

65 

Variable. 

V/ATER  SUPPLIES  OF  MECOSTA  COUNTY. 

By  Myron  L.  Fuller. 
TOPOGRAPHY. 

Mecosta  County,  of  which  Big  Rapids  is  the  county  seat,  is  situated 
I  little  west  of  the  center  of  the  Southern  Peninsula.  It  was  covered 
>y  the  Saginaw  Glacial  lobe,  its  western  part  being  in  an  interlobate 
Qoraine  between  the  Saginaw  and  Lake  Michigan  lobes.  This  moraine 
nd  others  closely  associated  with  it  cover  the  western  half  of  the 
ounty.  East  of  the  morainic  system  is  a  gravel  plain  several  miles 
nde,  while  on  the  eastern  border  of  the  county  is  another  morainic 
ystem.  Muskegon  River  traverses  the  interlobate  moraine  in  the 
^"estem  part  of  the  county  in  a  deep  valley  a  mile  or  more  in  width, 
^te  gravel  plain  referred  to  above  is  drained  southwestward  by  the 
-little  Muskegon,  except  in  the  northeastern  i)art  of  the  county,  which 
s  tributary  to  Chippewa  River,  which  flows  eastward.  The  same 
n^vel  plain  thus  contributes  water  both  to  Lake  Micliigan  and  to 
Saginaw  Bay. 

hi  the  morainic  belt  many  deep  wells  have  been  made,  in  which 
water  stands  far  below  the  surface,  flowing  wells  being  obtained  only 
on  the  low  ground  along  the  streams.     In  the  gravel  plain  and  in  the 
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vall(\v  of  Muskegon  River  an  abundance  of  water  is  found  at  moderate 
depths,  but  a  few  deep  wells  have  been  sunk  at  Big  Rapids  and  Mecosta 
to  got  supplies  below  the  surface  water. 

FLOWIXG  WELLS. 

BABBTTOK  DI8TBICT. 

The  flowing-well  district  at  the  growing  town  of  Banyton,  in  the 

nort  heastern  township  of  Mecosta  County,  is  the  largest  in  the  county. 

The  flowing  wells,  five  in  number,  are  scattered  over  a  large  part  of 

sec.  27,  T.  16  N.,  R.  7  W.,  one 
being  just  across  the  road  from 
the  northeast  comer  of  sec.  22. ' 
The  developed  area  is  something 
over  one-half  square  mile,  but  it 
would  doubtless  be  greatly  ex- 
tended if  more  wells  were  sunk. 

The  town  and  wells,  except  the 
Kunzman  well,  are  located  on  the 
flood  plain  or  terrace  of  Chippewa 
River,  about  10  feet  above  the 
stream.  On  the  south  side  of  the 
river   the  land  rises  sharply  into 

morainal  liills,  which  also  extend  around  to  the  west  and  north  and 

west  of  the  town,  but  at  a  greater  distance  from  it. 

For  ])urposes  of  conii)aris()n  the  data  relating  to  the  wells  have  been 

grou])(ul,  as  far  as  possible,  into  the  tables  given  below.     The  location 

of  the  wells  is  shown  in  fig.  20. 

Wflls  of  Barryton  district. 


Fi<;.  20.  -Sketch  map  of  Harryton  art^^sian  dis- 
trict. Mecosta  County. 
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It  is  significant  that  the  three  wells  of  wliich  records  could  t 
obtained,  tlie  Kinney,  Teed,  and  Kunzman,  all  passed  through  esse^ 
tially  siinihir  materials,  consisting  of  a  few  feet  of  sand  at  top,  th^ 
clay  down  to  the  thin  water  sand  at  bottom.  The  Sage  well  al^ 
draws  from  the  same  horizon,  but  the  PYalo-T^e^Yi^-^QlW^s^e^Ysv^i^it^x: 
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bed  about  55  feet  lower.  It  is  said  that  the  Teed  well  is  affected 
y  the  wells  in  town,  and  it  is  certain  that  its  head,  which  was  for- 
tterly  3  feet  above  the  surface,  has  now  been  so  reduced  that  the 
rater  only  barely  reaches  the  surface  and  has  to  be  pumped. 

The  slope  of  the  upper  sand  is  clearly  shown  by  the  wells,  its  alti- 
ude  being  910  feet  in  the  Kunzman  well,  900  in  the  Sage  and  Kinney 
eells,  and  883  in  the  Teed  well.  Notwithstanding  the  good  flows 
vhich  it  gives  when  the  wells  are  properly  sunk,  it  was  drilled  through 
n  two  instances — the  Plato-Renwick  and  Sage  wells — to  the  inferior 
land  below.  The  former,  which  still  flows,  draws  from  the  lower  sand, 
but  the  pipe  in  the  latter  was  pulled  up  to  the  upper  sand.  The  Sage 
well  is  now  partly  clogged,  and  the  flow  and  head  much  reduced. 
It  originally  flowed  as  high  as  the  second  story  of  the  house. 

The  water  is  about  the  same  as  the  average  drift  water  of  the  State, 
being  fairly  hard  and  containing  some  iron.  A  partial  analysis  of  the 
water  from  the  Kunzman  well  is  given  in  the  table  on  page  91.  The 
water  is  used  for  store,  domestic,  and  farm  purposes,  is  perfectly  safe 
for  drinking,  and  is  much  preferable  to  the  waters  of  the  shallow  wells, 
which  are  in  general  use  in  the  town. 

The  source  of  the  water  is  in  the  morainal  hills  south  of  town,  as  is 
indicated  by  the  slope  of  the  beds  from  that  direction.  It  is  almost 
certain  that  flows  can  be*  obtained  almost  anywhere  in  sec.  27  when 
the  elevation  is  not  more  than  15  feet  above  the  river.  Flows  could 
also  probably  be  obtained  on  the  flats  at  similar  elevations  with  refer- 
ence to  the  river,  both  above  and  below  town.  It  is  thought  a  sup- 
ply sufficient  to  meet  the  demands  of  the  town  could  be  had  by  drill- 
ing a  series  of  wells  along  an  east-west  line  parallel  to  the  creek  on  the 
west  side  of  town. 

The  available  supply  of  the  water  sand  seems  to  be  large,  but  if  a 
considerable  number  of  wells  are  drilled  it  would  be  wise  to  stop  down 
the  flow  to  a  point  where  it  just  meets  the  need  and  not  allow  the 
water  to  run  to  waste. 

SHESmAN  TOWNSHIP. 

The  school  well  of  the  first  district  is  located  at  the  crossroads  on 
a  hillside  in  the  southwest  corner  of  sec.  1,  T.  15  N.,  R.  7  W.,  about 
15  feet  above  the  bottom  of  the  valley.  Its  elevation  is  about  965 
feet,  but  a  short  distance  to  the  north  the  morainal  hills  rise  con- 
siderably higher.  The  well,  which  is  the  property  of  the  school  dis- 
trict, was  drilled  in  1901  by  Moyce  Brothers.  It  is  2  inches  in 
diameter,  59  feet  deep,  and  flows  20  gallons  a  minute  from  a  1-inch 
discharge  pipe.  A  much  stronger  flow  was  obtained  from  the  origi- 
nal 2-inch  casing.  The  water  will  rise  24  feet  above  the  surface. 
It  now  issues  into  a  circular  cement  tank  5  feet  in  diameter,  pro- 
tected hy  a  spring  house,  an  overflow  pipe  Icadiivg,  \.o  «k.  Uoxv^V^ 
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the  roadside.  The  water  tastes  strongly  of  iron,  has  a  slight  c 
of  sulphur,  and  is  decidedly  hard.  A  partial  analysis  is  givei 
the  table  on  page  91.  Its  temperature  is  47  i°  F.  Clay  was 
countered  most  of  the  way  down  to  water  gravel. 

Other  wells  among  the  hills  within  a  distance  of  a  mile  have  ^ 
for  100  to  180  feet  without  finding  flows.  There  apj^ears  to  b( 
general  water-bearing  horizon,  and  flows  will  be  *diflicult  to  obt 
although  they  might  be  had  by  wells  in  the  near  vicinity  of 
schoolhouse  well,  and  possibly  elsewhere. 

MECOSTA. 

The  village  of  Mecosta  has  a  small  flowing  well  at  the  wat^ 
trough  on  the  main  street  near  the  eastern  edge  of  town, 
located  on  a  flat  slightly  above  the  adjacent  valley  on  the  wes 
an  elevation  of  about  950  feet.  It  was  drilled  by  R.  D.  Park 
2  inches  in  diameter,  160  feet  deep,  and  flows  about  one-half  gi 
a  minute  at  1  foot  above  the  surface,  although  it  is  said  that  it 
rise  2  feet  higher.  The  flow  has  decreased  considerably,  owin 
clogging  of  pipe.  The  temperature  is  49*^,  and  the  water  ti 
slightly  of  iron.  (See  partial  analysis  in  table,  p.  91.)  Tlie  ir 
rials  penetrated  were:  Wet  sand,  110  feet;  clay,  45  feet  (with  ¥ 
at  140  feet);  sand,  5  feet.  Probably  other  flows  could  be  obta 
on  the  flat  on  which  the  village  is  located,  especially  near  the 
of  the  surrounding  hills.  The  elevation  of  these  hills  in  the  in 
diate  vicinity,  however,  is  not  high,  and  large  flows  or  str«uig  h 
are  not  to  be  looked  for. 

PARIS. 

A  flowing  well  is  located  at  the  fish  hatchery  about  10  feet  b 
the  Paris  station,  which  has  an  altitude  of  928  feet.  It  is  2  ir 
in  diameter,  135  feet  deep,  and  flows  8  gallons  a  minute.  It 
drilled  in  1902  by  J.  K.  P.  Snyder  &  Son,  and  its  head  tested 
height  of  7  feet  above  the  surface.  The  materials  penetrated 
mainly  sand  and  gravel,  with  about  15  feet  of  clay  below  100 
The  water  tastes  of  iron  and  rapidly  corrodes  the  pipes. 

MILLBROOK. 

It  is  reported  that  Philip  Capen  has  a  flowing  well  at  Miflbi 
in  the  southeastern  part  of  the  county,  but  it  was  not  visited 
no  data  concerning  it  were  obtained. 

TOWN   SU1*PL1KS. 

BIO  RAPIDS. 

About  1892  an  attempt  was  made  in  Big  Rapids  by  Mr.  C 
Waring  to  develop  a  water  supply  from  wells,  his  intention  beii 
dispose  of  it  to  the  city  if  successful.     It  is  said  that  nearly  a 
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dred  2-inch  wells  were  sunk.  No  flows  were  obtained,  and  because 
of  the  failure  to  pump  successfully  the  project  was  abandoned.  It 
is  said  that  a  similar  difficulty  was  encountered  at  Jackson,  but  was 
finally  overcome  by  the  use  of  the  air-lift  process. 

At  present  the  supply  is  taken  directly  from  the  Muskegon  River 
without  filtration.  There  is  generally  more  or  less  typhoid  fever, 
and  a  few  years  ago  a  severe  epidemic  occurred.  Although  this  was 
attributed  to  the  use  of  open  wells,  and  was  possibly  independent  of 
any  pollution  of  the  river  water,  it  is  certain  that  as  long  as  the 
river  is  used  an  outbreak  is  liable  to  occur  at  any  time.  The  pol- 
lution from  a  single  case  of  typhoid  at  a  point  within  a  distance  of 
several  miles  upstream  might  lead  to  hundreds  of  cases  in  town. 
The  river  and  shallow  wells  should  be  abandoned  as  a  source  of 
domestic  supply.  Deep  wells  located  possibly  along  the  river 
above  town  would  afi'ord  the  most  desirable  source. 

In  the  present  system  direct  pressure  is  used,  but  the  erection  of 
a  standpipe  is  contemplated.  The  domestic  pressure  is  65  pounds  at 
the  pumping  station,  and  the  fire  pressure  is  110  pounds.  The 
pressure  in  the  town  is  27  pounds  less.  The  daily  capacity  of  the 
two  pumps  is  1,300,000  and  500,000  gallons,  respectively.  There 
are  11  ryiles  of  pipe  from  4  to  18  inches  in  diameter  and  9  fire 
hydrants.     The  plant  is  owned  by  the  city. 
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Village  supplies  in  Mecosta  Court 
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Small. 

Weaver 

do 
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WATER  SUPPLIES  OF  MASON  COUNTY. 

By  Myron  L.  Fuller. 

GENERAL.  STATEMENT.a 

Mason  County  borders  on  Lake  Michigan  near  the  middle  of  the  east- 
ern side  of  the  lake,  Ludington  being  the  county  seat.  It  lies  immedi- 
ately north  of  Oceana  County,  and  one  of  its  flowing-well  districts 
-  extends  into  that  county.  The  southern  half  of  the  county  is  drained 
mainly  by  Pere  Marquette  River,  the  northern  part  by  Great  Sable 
River,  and  the  intervening  territory  by  Lincoln  River.  The  streams 
all  have  wide  mouths  or  lakes  lying  back  of  a  range  of  dunes  that 
border  the  shore  of  Lake  Michigan.  There  is  a  belt  of  sandy  country 
from  Ludington  northward  along  the  shore  of  Lake  Michigan,  which  is 
unsettled,  the  settlements  beginning  4  to  6  miles  back  from  the  lake. 

The  northern  part  of  the  county 
also  is  a  sandy  plain,  with  very  few 
settlers  north  of  Great  Sable  River. 
Along  the  south  side  of  this  river, 
from  near  Freesoil  westward  for 
about  10  miles,  is  a  morainic  belt, 
which  is  settled  and  has  ifumerous 
wells  50  to  100  feet  in  depth.  South 
of  this  is  a  sandy  strip  along  Lin- 
coln River,  which  is  sparsely  setr 
tied.  There  are  few  settlers  in  the 
eastern  range  of  townships  except 
in  the  vicinity  of  Branch,  Bachelor, 
Tallman,  and  Millerton.  As  is  indicated  in  the  tabulated  data  below, 
the  wells  at  these  villages  are  generally  shallow.  The  central  and 
southwestern  parts  of  the  county  are  pretty  well  inhabited.  Water 
is  usually  obtained  at  moderate  deptlis  except  on  the  high  range  of 
hiils  fronting  Lake  Michigan  south  of  Ludington,  where  some  wells 
are  1 00  to  1 50  feet  in  depth.  A  few  flowing  wells  have  been  obtained 
along  the  Fere  Marquette  Valley  near  Ludington  and  Amber,  and  there 
is  a  small  district  in  the  southwestern  part  of  the  coimty  bordering 
Bass  Lake. 

FLOWING  WELLS. 

BASS  LAKE  DISTRICT. 

This  district  lies  east  and  south  of  Bass  Lake  near  the  line  of  Mason 
and  Oceana  counties,  two  wellsi)eing  in  sec.  31 ,  T.  17,  R.  17  W.,  Mason 
County,  and  a  third  in  sec.  6,  T.  16,  R.  17,  Oceana  County.  The  dis- 
trict is  limited  on  the  east  by  a  till  ridge  capped  by  sand,  but  it  may  b^ 
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Fio.  21.— Sketch  of  Bass  Lake  artesian  district, 
Mason  County. 


a  By  Frank  Lcverett. 
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ctended  westward  and  southward.     It  can  not  well  be  extended 
^rthward,  as  the  country  rises  rapidly  in  that  direction. 

The  locations  of  the  wells  are  shown  in  fig.  2\,  and  the  data  relating 
>  them  have  been  compiled  in  the  following  table: 

WdU  of  Bass  Lake  district. 


Owner. 

When 
nutde. 

DUtni- 
eter. 

^Pt»>-^ik»n*"   "*^^- 

Flow 
minute. 

Tcm-  j 

pcra-      Quality. 

ture.   ! 

Water 
bed. 

harlfsMyrps 

.  NeilsoQ 

1901 
1901 
1802 

Inches. 
2 
2 
2 

Feet.  '   Feet. 
102          600 
85  1        585 
122  1        500 

Feet. 
T.  +  15 
T.+IO 
F.+  2 

OaU.   i     'F. 

4  '    50.5      Hard:  Iron 
2       49.75            do 

(3  ravel. 

.  C.  JefURn 

2                                  dn           1   rSmvpl 

i 

«T.- tested:  F.-=  flows. 

The  Myres  well  penetrated  gravel  and  sand  10  feet,  clay  90  feet,  and 
;ravel  2  feet.  In  the  Jensen  well  the  clay  was  83  feet  thick.  In  the 
^eilson  well  much  trouble  was  experienced  in  driving  the  pipe,  and  as 
t  was  finally  broken  it  seems  probable  that  clay  was  encountered,  as 
n  the  other  wells.  The  Myres  well  alone  discharges  in  the  ordinary 
vay  above  the  surface;  the  Jensen  well  is  connected  with  a  pump, 
irhich  raises  the  water  into  the  house,  while  the  Neilson  well  opens  into 
.  plank-lined  cistern,  from  which  it  overflows.  No  material  decrease 
a  flow  has  been  noted  except  in  the  Neilson  well,  for  which  the  broken 
asing  is  probably  responsible,  as  some  of  the  water  now  rises  along 
he  outside  of  the  pipe. 

There  may  be  another  flowing  well  on  the  Anderson  farm,  a  mile 
outh  of  the  Neilson  well,  for  near  the  house  a  pipe  wtus  found  which 
verflows  into  a  tank  in  the  barnyard.  This  pipe  is  in  a  box  inserted 
1  the  ground,  from  which  a  horizontal  pipe  leads  toward  the  house, 
Tobably  to  a  pump.     No  other  data  were  obtainable. 

The  water  of  this  district  tastes  quite  strongly  of  iron  and  is  harder 
han  the  average  Michigan  water.  It  is,  however,  used  for  all  domes- 
ic  and  farm  purposes.  A  partial  analysis  is  given  in  the  table  on 
►age  91. 

The  source  of  the  w^ater  is  probably  in  the  bordering  sand-covered 
lay  ridge  a  short  distance  east  of  the  wells,  though  it  may  be  at  a 
:reater  distance. 

WATEKWOUKS. 

Waterworks  have  been  installed  at  Ludington  and  at  Scottville. 
The  Ludington  supply  is  drawn  from  Lake  Michigan.  Though  origi- 
txally  built  by  a  private  company,  the  system  is  now  owned  and  oper- 
ated by  the  city.  The  Scottville  supply  is  from  a  well  54  feet  deep, 
from  which  water  is  pumped  to  an  elevated  tank.  The  village  owns 
the  plant,  which  was  installed  in  1898. 
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MISCELLANEOUS  VHXAGE  SUPPLIES. 

The  following  date  concerning  village  supplies  were  obtained  by  cor- 
respondence with  residents  of  the  villages: 

Village  supplies  Mason  County. 


Town. 

Source. 

Depth  of  wells. 

Depth 
to 

princi- 
pal 

supply. 

Head. 

Sprinp. 

From— 

To— 

Com- 
mon. 

Amber 

Driven  wells  (some  flow) 

Driven  well 

Feet. 
10 
15 

Feet, 
""26' 

Feet. 
40 

Feet. 
150 

Feet. 
±0 

Small 

Bacholor 

Branch 

No  returns 

ButtersvUle    . 

Driven  wells,  lake 

25 
15 
15 
16 
14 

500 
98 
96 
62 
94 

»' 

45 
60 
40 

500 

30 
45 
62 
97 

±0 

Carrs 

Driven  wells,  cnvk 

Custer 

Dnven  wells,  open  wells 

Driven  wells 

SmSl 

F<»ni 

Fountain 

Driven  wells,  river 

Da 

Freesoll 

No  rvtums 

LucHngton 

Manistoo     Junc- 

Lake, wells  (salt  wells)** 

No  n'turns 

« 

2,000+ 

20 

10 

Do. 

tion. 

Millerton 

Scott  villc 

Driven  wells  and  crwk 

Driven  wells 

22 
25 
20 

28 
77 
35 

26 
45 

26 
50 
30 

Do. 
Do. 

Talhnan 

Driven  wells,  lake 

VsiUl)le. 

Wclmor 

No  returns 

Geological  Survey.  They  ix'netrate  about  600  feet  of  drift,  mainly  sand,  which  Is  a  good  water  besrer. 
The  rock  surface  here  is  about  at  sea  level.  No  other  borings  in  the  county  have  reached  rock,  lo  Itli 
not  known  whether  it  has  a  low  altitude  far  back  from  the  shore  of  Lake  Michigan. 

WATER   SUPPLIES   OF   LAKE   COUNTY. 

By  Fkank  Leverett. 

Lake  County  is  situated  west  of  Osceola  County,  in  the  western 
part  of  the  Southern  Peninsula,  Baldwin  being  the  county  seat.    Its 
eastern  range  of  townships  are  in  the  elevated  interlobate  moraine 
between  tlie  Saginaw  and  Lake  Michigan  lobes,  the  greater  part  of 
whicli  lies  in  Osceola  County.     The  highest  points  in  Lake  County  are 
about  1,^^00  feet  above  sea  level.     The  remainder  of  the  county  is 
largely  a  gravel  plain;  but  the  southwest  township  has  morainic    : 
bolts,  and  thiTc  are  several  small  moraines  in  the  northwestern  qua^ 
tor  of  the  county.     The  sottlements  are  mainly  in  the  eastern  part  of 
the  county  on  the  interlobate  moraine,  the  county  seat  being  the  only 
village  west  of  the  moraine.     The  gravel  plain  is  dotted  with  lakes  in 
the  vicinity  of  Baldwin  and  southwestward  to  the  edge  of  the  county» 
and  the  water  table  in  this  part  of  the  gravel  plain  is  usually  within  40 
feet  of  the  surface.     There  are  also  lakes  in  the  northwestern  part  of 
the  county,  on  the  borders  of  which  water  is  reached  at  convenient 
depths ;  but  as  a  rule  the  gravel  plains  are  so  high  above  the  lakes  aixd 
streams  that  the  water  table  lies  at  deptlis  of  50  to  100  feet  or  mor^- 
The  settlements  in  the  eastern  part  of  the  county  are  mainly  on  th^ 
lower  portions  of  the  morainic  belts,  the  high  points  being  usually 
rather  barren,  gravelly,  or  sandy  knolls.     Wells  have  been  obtained 
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ese  depressions  at  depths  of  50  feet  or  less.  At  the  Carr  settle- 
/  in  the  southwestern  part  of  the  county,  which  is  partly  on  a 
line  and  partly  on  a  till  plain  west  of  it,  wells  range  in  depth  from 
)  100  feet  or  more.  The  drift  in  this  county  is  probably  several 
Ired  feet  in  depth,  but  as  yet  no  borings  have  reached  the  rock, 
le  following  data  on  village  supplies  have  been  obtained  by  corre- 
dence  with  the  residents  of  the  respective  villages: 

Village  supplies  of  Lake  County. 


Popu- 
lation. 

Eleva- 
tion. 

Source. 

Depth  of  wells. 

Depth 

to 
water 
bed. 

Head. 

vn. 

From— 

mon. 

Springs. 

ina.. 

388 

Feet. 
834 
868 

1,075 
856 
975 
975 

Driven  wells 

Feet. 
12 
18 
25 
16 

1 
Feet.  1   Feet. 
16            12 
27  1          20 

Feet. 

20 

Feet. 
-10 
-18 
-10 
-16 

Large. 
None. 

M 

do 

do 

do 

do 

do 

in 

300± 

65            25            60 
30             20  i          20 

Small. 
I^nre. 

I*... 

837 

20  1          30            25  I          25 
8            25             20             20 

-24          Do. 
-8            Do. 

»  Pere  Marqnette  Railroad  furnishes  a  partial  water  supply  and  is  to  put  in  fire  hydrants.    The 

is  pumped  from  a  well  at  the  station  to  an  elevated  tank. 

)  village  has  six  cisterns  averaging  200  barrels  each,  which  are  used  for  fire  protection. 

WATER  SUPPLIES  OF  OSCEOLA  COUNTY. 

By  Myron  L.  Fuller. 

GENERAL.  STATEMENT.a 

sceola  County  has  the  distinction  of  containing  the  highest  point 
le  Southern  Peninsula.  It  is  about  1,700  feet  above  tide  and  is 
!.ed  on  the  northern  edge  of  the  county  in  sec.  12,  Sherman  Town- 
The  interlobate  moraine  between  Uie  Lake  Michigan  and 
Daw  Bay  lobes  occupies  the  westeni  half  of  the  county,  and  its 
lills  extend  eastward  nearly  to  the  eastern  limits  of  the  coimty, 
3  being  little  or  no  flat  surface,  except  in  the  valley  of  Muskegon 
T  and  in  the  swamps  inclosed  among  the  morainic  knolls  and 
?s.  The  elevation  of  much  of  the  interlobate  moraine  is  above 
0  feet,  and  that  of  Muskegon  River  is  about  1 ,000  feet  where  it 
rs  the  moraine  near  Evart.     The  Lake  Michigan  lobe  extended 

into  the  western  range  of  towTiships  and  into  the  edge  of  the 
e  east,  the  remainder  of  the  county  being  within  the  limits  of  the 
Qaw  lobe.  The  county  is  all  tributar}"  to  the  Muskegon,  except 
lorthwest  comer,  which  drains  to  Manistee  River,  and  the  south- 
comer,  which  drains  to  Chippewa  River, 
uch  of  the  elevated  morainic   country  is  very'  sparsely  settled,  so 

few  borings  for  water  have  been  made.  The  very  high  tract  in 
northern  end  of  the  county,  however,  is  settled  and  has  some  deep 
s.    One  on  the  farm  of  Albert  Miller  in  sec.  11,  Sherman  Towti- 
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ship,  is  337  feet,  and  one  on  the  farm  of  Francis  Goodman  in  sec.  3, 
240  feet  deep.  Tliore  are  numerous  wells  100  to  200  feet  in  depth  in 
that  region.  The  water  in  nearly  all  has  very  little  rise  above  the  level 
at  which  it  is  struck.  No  wells  within  the  county  have  ever  reached 
rock,  and  it  is  possible  that  the  liighest  points  have  1,000  feet  or  more 
of  drift.  A  boring  at  Reed  City  on  ground  only  1,025  feet  above  tide 
reached  a  depth  of  276  feet  without  finding  rock,  the  bottom  of  the 
well  being  nearly  1,000  feet  lower  than  the  highest  point  in  the 
coimty.  No  borings  in  the  northern  part  of  the  Southern  Peninsula 
have  found  rock  at  an  altitude  more  than  900  feet  above  tide,  and  it  is 
scarcely  probable  that  any  points  will  be  foxmd  within  the  limits  of 
Osceola  County  at  wliich  the  rock  will  reach  an  altitude  of  900  feet 
It  is  more  likely  to  be  entirely  below  700  feet. 

Flowing  wells  have  been  obtained  in  the  vicinity  of  Marion,  Rose 
Lake,  Evart,  and  Reed  City,  and  it  is  probable  that  they  may  be 
obtained  in  valleys  and  on  tlie  borders  of  lake  basins  in  many  other 
places  in  the  county.  Those  in  the  southern  part  were  examined  by 
Mr.  Fuller,  who  has  prepared  a  report  on  them  and  on  the  village  sup- 
pUes  of  the  county. 

WATERWOKKS. 

EVAST. 

The  pubUc  water  supply  of  Evart  is  derived  from  two  dug  wells 
approximately  10  feet  in  diameter  and  15  feet  deep.  They  are 
located  near  the  bank  of  Twin  Creek,  the  surface  of  the  ground  being 
about  4  feet  above  th(»  creek  bed,  about  30  feet  above  the  railroad 
station  according  to  barometer,  and  approximatelj^  1,030  feet  above 
sea  level.     The  wat(T  stands  4  feet  below  the  surface. 

Tli(*  wells  were  sunk  and  the  waterworks  constructed  by  the  to>^'n 
about  iifteeii  years  ago.  The  pump  has  a  capacity  of  1 ,500,000  gal- 
lons por  twenty-four-hour  day.  The  domestic  pressure  maintained 
is  :U)  pounds  to  tlie  scjuare  inch:  the  fire  pressure,  80  poimds  to  the 
scjuare  inch.     There  are  o  miles  of  watcT  mains  and  30  fire  hydrants. 

Ordinarily  the  two  dw^  wells  furnish  the  entire  supply  of  the  town, 
but  I  he  amount  is  somewhat  limited  and  sprinkling  is  allowed  only 
between  the  hours  of  T)  to  8  a.  m.  and  5  to  1)  p.  m.  The  creek,  how- 
ever, can  he  drawn  from  in  emer*]:encies.  A  short  distance  back  of 
the  ])umpin^  station  is  a  snuiU  flowing  well,  which  could  be  made  to 
furnish  'A,iH)0  additional  gallons  of  water  daily,  but  as  yet  no  use  is 
made  of  it.  (See  p.  <S0.)  The  location  is  such  that  additional  sup- 
plies from  shallow  wells  could  be  obtained  at  a  ver}-  moderate  cost. 
Snuill  supplies  from  deep  wells,  similar  to  the  (me  mentioned,  couW 
also  probably  be  obtained  at  a  depth  of  al)out  200  feet. 

Th(»  water  from  the  two  wells  is  low  in  iron  and  of  only  mediui^f^ 
liardness.     A  i)artial  analysis  is  given  in  tables  oji  page  91. 
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REEB  CITT. 

The  public  supply  of  Reed  City  has  been  from  a  large  dug  well, 
feet  in  diameter,  supplemented  by  pond  water  in  case^  of  emer- 
ncy.  The  waterworks,  which  are  owned  by  the  city,  are  located 
I  the  bank  of  the  mill  pond  in  the  northern  part  of  the  town,  the 
ell  being  just  back  of  the  pumping  station  and  a  few  feet  above 
le  river.  The  elevation  is  approximately  1,005  feet.  In  1904  the 
ipply  was  short,  and  even  with  sprinkling  hours  limited  to  morning 
1(1  evening  it  was  necessary  to  draw  from  the  river.  Fifteen  new 
riven  wells,  to  be  about  65  or  more  feet  deep,  are  contemplated 
1904),  several  of  wliich  will  be  located  inside  of  the  large  dug  well 
ad  the  rest  piped  into  it.  It  is  expected  tliat  the  water  will  rise 
bout  6  feet  above  the  level  of  the  pond. 

The  pumps,  which  have  a  capacity  of  1,500,000  gallons  in  twenty- 
)ur  hours,  draw  directly  from  the  dug  well  or  cistern.  The  average 
}nsumption  is  380  gallons  a  minute.  There  are  several  miles  of 
lains  and  about  36  fire  hydrants.  A  small  supplementary  water 
jpply  is  obtained  from  a  deep  well  sunk  about  fourteen  years  ago. 
his  is  not  turned  into  the  general  supply,  but  is  piped  to  one  or  two 
ouglis  and  a  drinking  fountain. 

The  quality  of  the  town  water  could  not  be  determined  at  the  time 
f  the  writer^s  visit,  as  it  was  then  mixed  with  lake  water.  The  water 
*  the  deep  well  resembles  that  of  the  J.  11.  Andrews  well,  an  analysis 
"which  is  given  in  table  on  page  91. 

FLOWINC;  WELLS. 

EVAET  DI8TEICT. 

Wliat  is  here  known  as  the  P^vart  district  does  not  consist  of  a  con- 
nuous  area  in  which  artesian  waters  are  universally  found,  but 
ther  of  a  number  of  isolate^}  wells  scattered  along  the  valley  of  the 
uskegon  River  for  several  miles.  (See  fig.  22.)  These  are  in  the 
irt  of  the  valley  immediateh'  east  of  the  great  interlobate  morame 
Fined  between  the  Lake  Michigan  and  Saginaw  Bay  ice  lobes.  This 
oraine,  within  5  miles  nortliwest  of  Evart,  reaches  an  altitude  300 
et  above  the  village,  and  being  composed  of  loos(»-textured  drift 
)S()rl)s  a  large  part  of  the  rainfall.  It  thus  seems  well  adapted  to 
ipply  strong  wells  to  the  districts  through  which  its  waters  pass 
iderground.  The  full  exploration  of  the  valley  above  F^vart,  espe- 
ally  of  the  portion  nortliof  tlie  riv(T,  may  yield  stnmg  flows  supplied 
om  this  catchment  area.  Tlien^  were  in  the  summer  of  1904  only 
mr  flowing  wells  in  the  district:  one  at  Kvart,  one  in  sec.  26,  T.  17, 
t-  8  W.,  one  in  sec.  23  of  the  same  township,  and  one  in  sec.  21 ,  T.  17, 
^  7  W.  During  the*  summer  of  1904  E.  (■.  (-annon  drilled  a  well  hi 
he  flats  just  south  of  Muskegon  River  in  sec.  25,  T.  IT  N.,R.^  \\\ 
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In  August  the  well  had  reached  350  feet,  but  at  that  time  the  took 
were  lost  and  the  well  was  abandoned.     No  flows  were  encountered. 

The  only  flowmg  well  found  in  the  village  of  Evart  is  located  in  the 
southwestern  part  just  back  of  the  waterworks,  near  Twin  Creek,  at 
a  level  about  3  feet  above  the  creek  bottom,  and  very  nearly  1,030 
feet  above  tide.  It  is  195  feet  deep,  and  flows  at  1 J  feet  above  ik 
surface.  It  was  sunk  about  1901  to  supply  a  proposed  fish  hatchery. 
The  water  is  said  to  have  been  analyzed  and  found  suitable,  but  no 
use  has  yet  been  made  of  it.  The  yield  is  said  to  have  decre^ased,  but 
it  now  flows  2  gallons  a  minute  from  a  2-inch  pipe.  Its  temperatun  _ 
is  48°  F. 

The  water  could  be  turned  into  the  wells  of  the  public  water  supp^ 
witliout  difficulty  and  would  add,  if  flowing  at  its  present  elevation, 
some  3,000  gallons  daily.  This  flow  would  probably  be  considerablj 
incn^asod  if  it  was  piped  into  the  waterworks  wells  at  a  depth  of  3  or4 
feet  below  the  surface. 


R.8VV. 


R.7W. 


Fig.  22.— Skotcli  map  of  Evart  artesian  district,  Osceola  County. 

The  J.  K.  Grandy  well  (sec.  26,  T.  17  N.,  R.  8  W.),  which  is  one  of 
the  largest,  drift  wells  in  Michigan,  is  located  on  a  high  terrace  bor- 
dering Muskegon  River,  and  half  a  mile  southeast  from  the  face  of  j 
th(^  moraine  wliich  crosses  the  southern  half  of  sec.  23.     The  well  was 
drilled  by  Jenkins  and  others  in  1S96,  and  is  2  inches  in  diameter  and 
about  120  feet  deep.     No  flows  were  encountered,  except  the  one  at 
120  feet,  which  issues  from  a  pipe  at  about  3  feet  above  the  surface. 
Its  full  head  has  not  been  measured  but  is  probably  considerable,  as 
the  w  ater  issues  with  some  force,  throwing  a  2-inch  jet  5  feet  horizon- 
tally in  a  vertical  drop  of  3  feet.     The  yield  is  88  gallons  a  minute, 
and  the  temperature  is  48°  F.     The  water  tastes  sKghtly  of  iron,  i^ 
medium  hard,  and  gives  a  Uttle  scale.     A  partial  analysis  is  given  'V> 
the  table  on  page  91. 

The   Henry  Baker  well  (sec.  23,  T.  17  N.,  R.  8  W.)  is  located  ot^ 
the  steep  southeast  slope  of  a  high  moxame,  abowt  ^5  l^^l  ^Wve  tb,^ 
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ye  of  the  adjacent  flats  bordering  Muskegon  River.  The  elevation 
about  1,050  feet.  The  well  is  2  inches  in  diameter,  60  feet  deep, 
d  was  sunk  in  1901.  It  yields  a  flow  of  15  gallons  a  minute  at  3 
)t  above  the  surface,  but  will  rise  at  least  6  feet  higher.  The  flow 
said  to  have  been  over  75  gallons  a  minute  before  the  well  was 
)pped  down  to  its  present  small  orifice.  No  decrease  of  volume 
s  been  noted.  The  flow  comes  from  sand  at  the  bottom,  no  other 
w  being  encoimtered.  The  water  has  no  taste,  is  only  medium 
xd,  and  gives  but  slight  scale.  It  is  used  for  dairy,  household,  and 
rm  purposes. 

The  Charles  Conn  well  (sec.  21,  T.  17  N.,  R.  7  W.)  is  located  on  a 
.t  terrace  near  what  is  known  as  the  Elbow  of  Muskegon  River.  A 
am  giving  a  flow  about  the  size  of  a  pencil  was  found  at  80  feet, 
le  well  was  drilled  deeper,  but,  as  no  other  water  was  foimd,  the 
sing  was  pulled  back  to  the  first-found  flow. 

Water  is  generally  found  at  less  than  50  feet  .throughout  the  flats, 
it  is  not  imder  artesian  head,  and  windmills  on  deep-well  pumps 
e  required  to  bring  it  to  the  surface.  The  few  attempts  made  to 
t  flows  have  been  generally  successful,  but,  owing  to  the  difference 
fineness  of  material  and  the  pinching  out  of  the  water-bearing  veins 
ray  from  the  moraine,  the  results  are  very  variable  and  can  not  be 
edicted.  It  is  probable,  however,  that  along  the  northern  side  of 
e  river  and  within  half  a  mile  of  the  morainal  hills,  flows  could  be 
stained  within  200  feet  of  the  surface  at  most  points.  A  drawback 
development  is  the  high  charges  made  by  drillers  in  this  locality, 
being  cheaper  to  drive  shallow  wells  and  install  windmills  than  to 
ik  deeper  for  flows.  More  flows  could  also  probably  be  obtained 
Jar  creek  level  along  the  stream  west  of  Evart  on  which  the  water- 
orks  are  located. 

KEED  CITT. 

Besides  the  deep  well  at  the  waterworks,  mentioned  on  page  85, 
le  only  flowing  wells  in  town  are  those  owned  and  operated  by  J.  H. 
ndrews,  and  situated  at  the  electric-light  station,  at  the  foot  of  the 
lill  pond  on  the  eastern  edge  of  town.  At  an  elevation  of  about 
000  feet  are  two  wells  230  and  168  feet  deep,  respectively,  drilled 
y  Jacob  Null  in  1902.  Small  flows  were  obtained  at  40  to  45  feet, 
ut  the  water  did  not  rise  much  above  the  surface.  The  wells  are 
>cated  on  the  flood  plain  of  the  small  stream  just  below  the  mill  pond, 
r  about  10  feet  below  the  pond  level,  and  the  water  will  rise  from  12 
)  14  feet  above  the  surface.  The  flow  of  the  deeper  well  is  reported 
8 105  gallons  a  minute,  and  of  the  shallower  as  65  gallons,  but  they 
re  now  cased  in  and  can  not  be  measured.  A  ram  is  attached  to 
ne,  which  raises  the  water  15  to  20  feet  into  the  electric-light  plant 
nd  residence  of  Mr.  Andrews.  The  water  is  high  in  iron  aud  rather 
larA    For  partial  analysis  see  table  on  page  91. 
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The  success  of  the  well  at  the  electric-light  plant  seems  to  indicate 
the  ])ossil)ility  of  obtaining  good  flows  along  the  creek  below  the  pond, 
and  smaller  flows  from  a  low  head  could  probablj^  be  obtained  along 
the  border  of  the  pond  itself.  The  head  of  neither  the  wells  at  the 
waterworks  nor  of  those  at  the  electric-light  plant  is  sufficient  to  cany 
the  water  to  the  level  of  the  flat  on  which  the  town  is  located,  making 
it  doubtful  whether  flows  can  be  obtained  in  the  business  portion  of 
the  town,  within  reasonable  distance  of  the  surface. 

MASIOH. 

Marion  is  located  in  the  northeast  township  of  Osceola  County 
near  a  branch  of  Muskegon  River  and  east  of  the  morainal  hills  occu- 
pying the  greater  part  of  the  county.  The  wells  are  reported  to  vary 
from  20  to  SO  feet  in  depth,  the  largest  supply  being  at  60  or  70  feet. 
Some  wells  are  said  to  have  a  weak  flow,  the  head  being  suflScient  to 
lift  the  water  6  to  8  feet  above  the  surface.  A  public  supply  is  main- 
tained for  fire  purposes,  but  it  is  proposed  to  extend  it  by  drawing 
from  a  pond.  There  is  also  a  reported  flow  in  the  woods  in  the  north- 
east corner  of  the  county. 

B08E  LAKE. 

This  village  is  located  in  the  north-central  portion  of  0«?eoU 
County  in  the  hilly  moraine.  The  wells  vary  in  depth  from  20  to  80 
feet.  In  some  instances  the  water  has  a  weak  flow  and  will  rise  about 
a  foot  al)ove  the  surface.  The  shallow  water  is  reported  to  be  mod- 
erately soft,  the  deep  water  rather  hard. 

SPRINGS. 

NO-GHE-MO  8FBIN08. 

The  No-che-mo  Springs  near  Reed  City  rank  among  the  well- 
known  mineral  springs  of  Michigan,  the  waters  being  extensively 
advertised  and  sold  throughout  the  country.  A  few  years  ago  an 
attempt  was  made  to  develop  th(^  locality  into  a  resort,  and  the  springs 
were  converted  into  flowing  fountains,  sometimes  of  considerable 
beauty.  Over  100  springs  are  said  to  be  found  close  together,  but 
many  of  iIkmu  are  as  yet  undeveloped.  The  grounds  are  laid  out  with 
walks  and  trout  ponds,  and  thei'e  is  a  bottling  house  of  considerable 
capacity.  The  Xo-che-mo  Springs  are  located  about  a  mile  north  of 
Keed  City  in  the  mai*shy  l)ottonis  along  Hersey  River.  They  arP 
mostly  situated  from  8  to  n  feet  ahove  the  water  level  and  are  po  sibly 
10  feet  above  the  dam  at  Reed  City.  They  occur  in  a  sort  of  shallot 
amj)hitlieater  marking  a  former  meander  of  the  river.  The  ground  i^ 
marshy  tlu-oughout,  and  the  s])rings  are  found  within  an  area  of  a  com- 
paratively few  acres. 
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The  following  is  a  list  of  the  more  important  of  the  developed 
:3rings,  together  with  data  regarding  quality  of  water,  volume,  and 
?,mperature : 

Data  ofSo-che-mo  Springa. 


v.„,«    ,  .^„.  „  Nunil)er  ;     Total      Tcmfxr- ■         T„„f„ 

Numoif>pnnp.  of  jeU.     volume.  .    ature.    ,         ^«*^- 


io-che-mo  Spring. 
Jpihtudl  Spring... 
)sirtula  Spnnj;. 


j  I 

Galx.  per 
minute.  \      °F. 

3  3       ■ Strong  iron. 

3  I        12  ■  49    I  Iron. 

4 


Fountain  of  ^  out h '  4  1  5  484     None. 

Seven  Springs 1  I  Several 

[k>Id  Spring  (leystT I  1  A+l 

Good  Luck  Spring 1  i      '  4U    I  Do. 

Pontiar-  Spring 1  '  1 

Three  Springs '  3  3         ' 

Spring 1  4        Strong  iron. 


The  quality  of  the  water  as  regards  taste  has  been  indicated  in  the 
above  table.  A  complete  analysis  of  the  No-che-mo  Spring,  which  is 
regarded  as  possessing  the  most  valuable  medicinal  properties  of  any  of 
the  springs,  is  given  below: 

Analysis  of  water  of  No-che-mo  Sprinrf.o 

|By  Richanl  Fisher  and  Albert  A.  Prescott,  Ann  Arbor,  Mleh.l 

Parts  per  million. 

Silica  (Si02) 14.35 

Phosphoric  acid  (PO^) 36 

IroD(Fe) 2.00 

Aluminum  (Al) ^ 48 

Ma{Tie>ium  (M^) 18.  ;^ 

Bicarbonate  nidiric  (IICC).,) 265.  12 

Calcium  (C'u ) ')0.  04 

S<Klium  ( Na ) 14.  61 

Chlorine  (CI) 8.  30 

373.  62 

The  water  is  bottled  and  extensively  sold  for  table  and  medicinal 
purposes,  shipments  having  been  made  to  California  and  Hawaii.  A 
sort  of  snuff,  said  to  be  very  beneficial  in  cases  of  cold  and  hay  fever, 
is  made  by  ])assing  the  water  through  a  series  of  square  metallic  cans, 
in  which  on  the  bottom  a  brownish  sediment,  mainly  of  the  hydrous 
oxide  of  iron,  collects. 

The  ''s[)rings''  as  they  now  exist  are  really  all  shallow  artesian 
wells,  althougli  most  of  them  were  natural  sj)rings  before  being  arti- 
ficially confined  by  an  im|)ervious  cover  and  made  to  rise  tln-ough 
pipes  into  the  fountains.  It  is  rej>()rted  that  in  a  few  instanc(\s  flows 
were  obtained  by  simply  driving  pipes  10  to  12  feet  into  the  ground. 
The  most  interesting  spring  scientifically  is  the  (levser  Spring,  the 

"Kxprpss^xl  !)>' analyst  in  grains  p4-r  gallon  ain<l  hypothoticul  coinbiniitioiis;  nHomputcd  to  ionic 
^ormand  parts  per  million  at  t'nite<l  Statos  Zoological  Survey. 
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water  of  which  is  piped  laterally  for  some  distance  underground. 
Most  of  the  time  it  flows  weakly,  but  about  every  two  hours  it  is  said  to 
throw  a  jet  several  feet  into  the  air.  This  flow  continues  for  five  to 
ten  minutes,  and  then  subsides.  During  the  activity  of  the  Geyser 
Spring  the  Osceola  Spring,  which  is  piped  from  the  same  source,  stops 
flowing.  The  geyser-like  activity  is  probably  due  to  a  peculiar  method 
of  piping,  doubtless  some  form  of  siphon  action. 

MISCELLANEOUS  VILLAGE  SUPPLIES. 

Village  supplies  in  Osceola  County. 


Town. 


Ashton 

Avondalo 

Chippewa     sra- 
tlon. 

Dewings 

Dlghton 

Evart 


Driven  wcUfl,  oreeks. 

No  returns 

do 


Carmcr... 
Hartwick . 

Horsey 

Ina./. 

Lcroy 

Marlon . . . 


Orient 

Orono 

Park  Lake . 
RcedCltv. 


Rose  Lake. 

Sears 

Tustin 


Driven  wells , 

Driven  wells,  open  wells,  and 

springs. 
Driven  wells,  springs  (flowing 

wells  near;. 

Driven  wells,  open  wells 

Driven  wells 

No  returns 

Driven  wells,  springs , 

No  returns 

Driven  wells  and  river  (some 

flows) 

Driven  wells,  springs,  creeks. 

Driven  wells 

do 1 

Driven    wells,    pond,    spring  i 

(some  flows).  i 

Driven  wells  (some  flows) 

Driven  wells I 

Driven  wells,  open  wells I 


Depth  of  wells. 


From—    To— 


Feet.   I  Feet. 
20  ,         60 


Com- 
mon. 


Feet. 
55 


160 


85 
135 


197 


100 
125 


225 

"so" 


125 
35 
65 

200 

80 
196 


40 
100 


50 


60 

iw' 


Depth 

to 
prind- 

supply. 


Head. 


Feet.     Feet. 
55  ' 


Spring!. 


40 
100 


-20 


15 


±  0  1 


Large. 


I  Variable. 
I  Small. 

Variable. 

j       Do. 
I  SmaU. 

I        Do. 
I 
I>arge. 


±  0 
±  0 


Small. 

Variable. 

Medium. 

Do. 
None. 


QUALITY    OF    WATER    IN    OCEANA,    NEWAYGO, 
MECOSTA,  AND  OSCEOLA  COUNTIES. 


By  Myrox  L.  Fuller. 

The  following  table  gives  miscellaneous  analyses  made  in  the  field. 
The  field  api)aratus  did  not  determine  the  exact  amount  of  sulphates 
present  when  there  was  less  than  30  parts  per  million.  The  figure 
are  based  on  estimates  and  are  probably  correct  within  5  parts  per 
million. 
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WATER  SUPPLIES  OF  ISABELLA  COUNTY. 

By  W.  M.  Gregory. 
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CiENEKAL  STATEMKNT.a 

Isabella  County,  of  which  Mount  Plea 
the  coimty  seat,  is  called  the  central  co 
the  Southern  Penhisula.  It  lies  entirely 
the  (Iramage  basin  of  Saginaw  Bay,  ai 
covered  by  the  Sapnaw  glacial  lobe.  It 
a  concentric  series  of  moraines,  runnin 
curving  course  across  the  county,  concave 
east .  Tli(*  drainage  has  a  treUised  arran; 
because  of  the  control  exercised  by  th( 
raines.  The  principal  stream  is  Chippews 
which  drains  the  central  and  northwester 
of  t  he  county.  The  southwestern  part  L 
tarAMo  Pine  River  nnd  the  northeastern 
River.  The  Glacial  Lake  Saginaw  exte 
few  miles  into  the  eastern  part  of  the  < 
and  its  bed  is  now  a  smooth  plain  slopin 
ward.  It  is  on  tliis  plain  that  some  of  tl 
flowing-well  districts  here  discussed  ha> 
developed.  There  are  also  flowing-w^ell  c 
in  the  sags  between  the  morainic  ridges 

On  the  moraines  wells  are  often  dri 
depths  of  ;")()  feet  or  more,  but  as  a  rul( 
ill  i)lenty  is  found  at  moderate  depths, 
for  the  flowing  welLs,  which  are  sunk 
order  to  ()l)tain  a  flow,  it  is  rare  that  a  we 
feet  in  (le})th.  The  only  weUs  which  have  i 
rock  are  those  at  Mount  Pleasant,  knowT 
bromine  wi^lls,  of  which  there  are  four  t 
sunk  to  deptlis  of  about  1,500  feet.  Tl 
is  between  400  and  'M)  feet  in  thick 
Mount  Pleasant,  .:nd  may  exceed  700  fee 
western  part  of  the  coimty  on  the  high  n 
tracts,  wliich  stand  more  than  200  feel 
th(»  town. 

I  L<)\VIN<;    WELLS. 

GENERAL   RELATIONS. 

Isabella  (\)uniy  has  three  large  flowi 
districts,  which  extend  into  the  adjacen 
ties    of    Midland    and    Clare.     One    disi 
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Ottawa  and  Gilmore  townships  lies  between  two  morainic  ridges, 
tiile  the  other  two  are  on  the  eastern  or  hikeward  slope  of  the  more 
tstern  of  the^e  moraines.  The  western  district  is  called  the  Nottawa 
•t^sian  basin;  the  large  district  in  the  eastern  part  of  the  county 
id  in  western  Midland  County  the  Isabella  basin;  and  a  district 
Tibracing  the  southeastern  part  of  Isabella  and  southwestern  part 
I  Midland  the  Coe  basin,  each  being  named  from  the  towTiship  in 
hich  flows  are  most  widely  distributed  and  most  numerous.  In 
ddition  there  are  two  isolated  flowing  weUs  in  the  southwestern 
omer  of  Isabella  County.  The  following  table  indicates  the  town- 
hips  included  in  each  basin,  the  number  of  flowing  weUs  which  have 
)een  located,  and  the  total  flow  of  256  of  these  wells: 

Summary  of  fowing  xceUs  of  haheWi  County  and  parts  of  Gratiot^  Midland,  and  Clare 

count  tea. 

COE  BASIN. 


County. 


Toi»Tishlp. 


Iiabella I  Coe  (T.  13  N.,  R.  3  W.) 

Do !  Chippewa  (T.  14  N..  n.3W.). 

IfldUnd Ja8pera(T.  13  N.,  R.2  W.)... 

Orttiot Bethany  (T.  12N..  R.  2\V.).. 


'  Number  I 
I  of  wells.  I 


Sq.  miles. 

\  9 


84  ! 


Flow  per 
minute. 


Oallons. 
66.1 
130.1 
89.7 
65.0 


351.9 


ISABELLA  BASIN. 


Isabella '  Isabella  (T.  15  N.,  R.  4  W.) 

Do ;  Southeast  Vernou  (T.  16  N.,  R.  4  W.). 

Do Denver  (T.  15  N..  R.  3  W.) 

Do Wise  (T.  16N..  R.3  W.) 

Midland Geneva**  (T.  15  N.,  R.2W.J 

Do Warren  ft  (T.  16  N.,  R.  2  W.) 


01 
13 

"8 
3  I 
1  ' 


216.1 

27.0 

52.4 

12.6 

6.1 

.8 


350.0 


NOTTAWA  BASIN. 


Iwbella I  Nottawa  (T.  15  N . .  U .  5  W  . , . 

Do Oilraoro  (T.  16  N.,  R.  5  W.).. 


^  Do. . .. !!];    Northwest  Vernon  (T.  16  N.'.  H.  4  W.) '. 
^^ Grant  (T.  17  N.,  K.  4  W.) 


it 

3.^).  3 

3 

72.3 

11 

19.0 

5 

8.1 

25 

131.7 

SrMMARV. 


fo^'baflin 

[sftbplia  basin . . 
^otuwa  basin . 


S4 

23 

^",1.9 

HI 

45 

315.0 

31 

31 

134.  7 

jDavis  found  a  flow  of  about  110  tMllons  a  iiiiniitr  from  :.2  w.lls  in  JasiH-r  Township. 
*Th»-wdls  of  Geneva  and  Wjiinn   townships  an-  soni<\vh;it  isolated  jind  nmy  not  fall  within  the 
l8«ibella  basin. 

Isabella  Township  lias  tho  lartrest  nuini)or  of  flows,  and  the  wells 
are  widelj  distrihutcd,  hciii<r  JiigJily  prized  h\  [armers  lot  v^oycv^j^Naq,^ 
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stock,  and  dairj'  purposes.  The  water  is  suitable  for  laundry  use, 
although  requiring  ui  some  cases  the  addition  of  softening  com- 
pounds. In  cheese  factories  and  creameries  it  is  used  for  cooling  and 
makes  it  possible  to  dispense  with  the  use  of  ice.  The  better  methods 
of  well  drilling  have  lessened  the  cost  and  led  to  a  great  increase  in  the 
number  in  the  last  five  years.  The  wells  cost  from  25  to  50  cents » 
foot  and  are  drille<l  usually  under  a  contract  for  a  flow.  They  are 
allowed  to  flow  freely,  not  being  checked  in  any  of  the  basins  which 
were  \nsited.  There  is  little  danger  of  a  well  diminishing  the  flow  of 
its  neighbors  by  this  practice,  because  they  are  widely  separated,  but 
in  time  it  may  result  in  a  general  loss  of  head  in  the  area,  and  this 
should  be  guarded  against. 

In  the  western  half  of  Isabella  County  a  supply  is  secured  e^y  by 
shallow  pump  wells,  or  by  deeper  wells  with  water  near  the  surface  or 
even  overflowing.     The  sliallow  flowing  wells  yield  better  water  than 


/*^tef-let^/ 


^roi^^cf  sutibc^ 


_>Vff£e^/e^e/^, 


W^tQt-  fever. 


CATCH 


TANK 


AT 


Fig.  24.-  Skotch  showing  fluctuations  of  Abbott's  well,  2  miles  north  of  Shepherd.  Coe  Town*iPf 

Isabi^lla  County.  1 

the  deeper,  for  tli(»  latter  are  apt  to  be  slightly  brackish,  a  condi- 
tion found  ill  some  of  tlie  wells  along  Cliippewa  and  Salt  rivers. 

The  total  flow  of  the  wells  in  these  three  districts  is  about  800gft^ 
Ions  a  minute,  estimates  having  been  made  from  256  wells,  which  ai* 
distribut(»d  among  the  different  basins,  as  sho^Ti  above.     In  the  Isa- 
bella l)asin  the  flows  average  about  2  gallons  a  minute.     Several  local 
failures  of  the  supply  were  found  in  this  basin,  but  there  was  no  ind^' 
cation  of  any  general  change.     In  the  Coe  basin  the  wells  average  ^ 
gallons  a  minute  and  show  no  indications  of  any  general  decrease* 
Mr.  Abbott,  a  well  driller,  has  his  well  (No.  38,  Coe  Township)  ^ 
arranged  that  its  fluctuations  have  been  determined.     The  well  W^ 
drilled  in  1898,  and  the  head  was  6  inches  higher  than  at  prese^^^ 
(July,  1905).     The  annual  variation  in  head  is  4  inches,  being  highe-^ 
in  the  spring  and  lowest  in  the  summer,  as  showTi  by  the  sketch  (fi# 
24),  which  was  made  on  the  groimd.     It  will  be  observed  that  tl^ 
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lest  water  level  of  the  spring  now  falls  2  inches  short  of  reach- 
the  original  level  when  the  well  was  first  drilled, 
n  the  Nottawa  basin  the  wells  average  about  3  gallons  a  minute, 
<  considering  Mr.  George  Cook's  well,  which  flows  60  gallons  a  min- 
None  of  the  wells  have  shown  any  decrease,  and  the  probable 
a  from  which  these  flows  can  be  obtained  is  larger  than  that  now 
^eloped,  but  it  is  Umited  by  the  moraines  on  the  west  and  east. 

COE  BAsnr. 

hi  the  Coe  basin,  in  the  southeastern  towTiship  of  Isabella  Coimty, 
id  in  the  bordering  parts  of  Gratiot  and  Midland  counties,  the  slope 


R.    3     w 


Fio.  25.— The  C-oo  flowing-w««ll  district  of  lsal)ella  and  Midland  counties. 

the  water  beds  appears  to  be  to  the  oast  (fi^.  25).  The  western 
Igeof  this  basin  follows,  in  a  general  way,  tlio  borders  of  Lake  Sagi- 
iw,  an  old  Glacial  lake,  whose  beaches  in  this  region  are  about  750  to 
'5  feet  above  sea  level.  The  material  from  which  flowing  waters  are 
'rived  is  more  sandy  than  that  of  the  other  basins,  and  considerable 
ouble  is  experienced  because  of  clogging  and  caving,  which  requires 
equent  sand  pumping  and  repair.  Many  fragments  of  drift  coal 
om  the  Michigan  formation  are  encountered,  but  no  bed  rock  is 
ached.  The  following  record  of  J.  L.  Coon's  well  (No.  15,  Coe 
ownship)  gives  an  idea  of  the  material  to  be  encountered: 
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Record  of  Coon  well,  Coe  Township. 


I 


Sand 

Ilurdpan 

Sand .  jrravi'l .  and  lirst  flow,  weak 

Hard  pan 

Sand,  prav»^l.  and  stvond  flow,  weak 

Hoddish  clay  above  blue  Im^Iow;  water  in  gravel  at  *J(V>  fiH.'t . 


Thickness  J 

TottL 

F((t, 

Ftct, 

a) 

a> 

14 

M 

44 

•A 

10  ; 

88 

10  , 

91 

117 

J» 

Mr.  Abbott  (No.  3S,  Coe  Township)  drilled  three  wells  on  his 
property,  205,  105,  and  cS7  feet  in  depth,  respectivel3\  The  last  one 
Hows  a  small  stream,  which  fluctuates  during  the  year.  The  deeper 
wells  were  somc^  200  feet  distant  from  the  flow,  and,  aft^r  passing 
through  50  feet  of  sand  and  gravel,  the  remainder  was  red  and  blue 
clay.  In  the  northern  part  of  the  Coe  basin,  in  Chippewa  Township, 
Mr.  Salisbury's  well  had  the  following  record: 

Uecorti  of  Salisbury  well,  Coe  Inisin. 


Thickness.      Total. 


I  Feet.  Feet. 

Clay I  32  I  n 

Hardpan  and  clay I  53  ■  tt 

Sand,  with  some  water (  12  97 

Soft  l»lue  clay;  flow  from  pravel  under  clay 15  |  112 

Mr.  Salisbury  has  an  al)undant  supply  of  w'ater,  which  is  forced  to 
the  second  story  of  his  residence  by  a  hydraulic  ram.  The  well  has 
l)een  cased  97  fee^t.  In  the  Coe  ])asin,  Midland  County,  the  well 
owned  by  Mr.  W.  11.  Fox  (No.  18  Ja.sper  Township,  Midland  County) 
found  water-bearing  beds  at  40  feet  and  55  feet,  and  the  present  sup- 
ply, und(»r  hardpan,  at  84  feet.  Th(»  Coe  basin  extends  south  nearly  to 
St.  Louis,  Michigan  (see  report  by  (\  A.  Davis,  pp.  219-220). 
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ISABELLA   BA8IH. 

Hie  water  beds  of  the  Isabella  basin  yield  small^  uniform  flows. 
3  beds  extend  eastward  from  the  crest  of  the  moraine  which  sepa- 
es  it  from  the  Nottawa  basin  into  the  western  townships  of  Geneva 
1  Warren  of  Midland  County,  and  are  distributed  over  the  grad- 
slope  of  the  plain  on  the  lake  ward  side  of  the  moraine  (fig.  28, 
107).  Along  the  western  border  of  the  basin  many  trials  have 
»n  made  to  obtain  water,  but  when  the  elevation  is  above  820  feet 
ivs  have  never  been  obtained,  and  on  the  morainal  crest  the  water 
rery  scarce.  ^In  sec.  7,  Isabella  Township,  several  trial  wells  from 
to  191  feet  deep  have  failed  to  secure  sufficient  water,  and  the 
gest  part  of  the  material  drilled  through  was  tough  clay.  This 
3erience  has  been  repeated  at  a  number  of  places  on  the  western 
rder  of  the  Isabella  basin,  as  shown  by  the  records  of  Xos.  3,  35, 
>,  104,  105,  and  108  (Isabella  Township).  One  of  the  strongest 
ws  in  the  basin  has  30  feet  of  clay,  18  iFeet  of  hard  pan  with  peb- 
«  and  gray  clay,  and  16  feet  of  consolidated  sand  and  gravel  over 

>et      yCrest  of  moraine 


Scale  of  miles 

2  3 


Fig.  i»6.— Cross  sectiun  from  Isabella  to  Denver  Township. 

}  water  bed.  In  the  eastern  extension  of  the  Isabella  basin,  in 
^nver  Township,  beds  are  found  under  the  same  conditions.  The 
lowing  record  of  Greorge  Cole's  well  fXo.  2,  Denver  Township;  is 
pical : 

Record  of  Cole  weO,  Dmvtr  Towru^ip. 


Jhickinff*.     ToUl. 
F^^  Ftet. 


ind 

lay 'J2  27 

icid ar»  47 

Uy  with  pebblos 10  ,',7 

and  and  gravel y,  72 

Urdpan 1  73 


Xo  rock  has  been  reached  in  any  of  the  welLs.  ^[^.  Mai  Bk>om 
drilled  a  well  (No.  22,  Denver  To^Tiship)  2W  feet  without  reaching 
Tock,  and  the  water  was  so  scarce  that  the  pipe  was  pulled  back  to  a 
small  flow  at  28  feet.  In  this  well  the  material  was  clay  under  W 
feet  of  sand  and  gravel.  Several  wells  of  thi.'s  resrion  are  qm't^'  lii^h 
in  chlorides,  but  no  rock  has  been  revealed  In-  any  of  th*-  triwU. 
Several  large  springs,  some  of  which  are  salty,  occur  \\\  v\\\-.  \>^\u 
'Sa}t  Rjver.     One  of  the  ''salt  licks"  is  in  tlie  in)rt\w«'>A  wt- 
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ner  of  sec.  23,  Denver  Township.  A  number  of  these  salty  spi 
are  found  farther  east  along  the  river  in  Greneva  Township,  Mid 
County.  The  wells  in  the  southeast  comer  of  Vernon  Townshif 
in  the  Isabella  basin,  as  are  those  to  the  east  in  Wise  To\^iii 
The  crest  of  one  of  the  Saginaw  moraines  is  the  western  bordc 
the  Isabella  basin  in  Vernon,  where  the  water  beds  range  from  1 
88  feet  below  the  surface  and  is  scarce  in  the  lower  bed  and  r 
abundant  in  the  upper  layers.  Flows  ought  to  be  obtained  at 
place  in  sec.  24,  25,  26,  35,  and  36,  Vernon  Township,  and  in  ^ 
Township  good  flows  will  be  found  at  moderate  d^ths  in  sees. 
30,  31,  and  32.  The  limit  of  the  bed  to  the  east  in  Midland  Coi 
has  not  been  determined,  but  at  Coleman  a  test  well  300  feet  < 
was  made  for  water,  and  the  material  passed  in  drilling  was  repo 
as  sand  at  the  surface  and  the  remainder  clay.  No  shallow  a 
have  an  abundant  supply  of  water  at  Coleman,  and  driven  \ 
100  to  180  feet  deep  have  only  a  scant  supply.  Excellent  flows 
reported  about  Coleman  in  sees.  7,  11,  16,  17,  and  18,  (Jeneva  Tc 
ship.  Northeast  of  Coleman,  Edenville  Township,  a  few  have  1 
reported,  showing  that  the  belt  of  flows,  of  which  the  Isabella 
the  Coe  basins  are  parts,  is  nearly  continuous  along  the  slope  of 
Saginaw  moraine  from  St.  Louis,  in  Gratiot  County,  through 
bella  and  Midland  to  Gladwin  County,  near  Highwood,  and  th< 
past  Bourrett  Township  to  West  Branch,  in  Ogemaw  County. 

Wells  in  Isabella  hasiUf  Isabellu  County. 
DENVKU  TOWNSniF  CT.  15  N.,  R.  3  W.). 


Remnrks. 


4fl"rflaU;^ 


House  and  barn. 

House  use. 

House  and  bam:  2  wel 

Stock  farm;  salty  wat 

House  use. 

Storeroom  for  butter. 

At  bam,  for  stock. 

House  use. 

Decreased  by  No.  8:  hoa 

House  use. 

Used  for  drinking  at  s' 

House  use. 

In  field,  for  stock;  no  I 

House;  drinking  and  o 
Used  for  drinking  onlj 
House  and  bam. 
At  bouse  on  river  flat. 
At  bam,  for  stock. 
DoRiestlc  and  fftock  m 

Dom^?stlc  and  vtoot  u* 
HouM  and  ^oclt;  no  w 

200  itmt. 
HouM?  and  vtock. 

Bo. 

Do. 
Stock  and  dome*tlt^  "* 


ISABELLA   COUNTY. 


103 


Wdls  in  Isabella  basin,  Isabella  County — Continued. 
ISABELLA  TOWNSHIP  (T.  15  N.,  R.  4  W.). 


ner. 

i 

§1 
II 

00 

r 

1 

1 

1 

Remarkfl. 

Ft. 
870 
870 
866 
780 
770 
780 
785 
783 
789 
770 
778 
771 
776 
778 
780 
782 
775 
775 
777 
780 
770 
772 
765 
765 
760 
763 
770 
778 
780 
780 
779 
788 
796 
808 
815 
829 
820 
821 
810 
798 
820 
783 
782 
794 
784 
780 
779 
770 
790 
790 
790 
795 
777 
778 
778 
770 

Ft. 
30 
130 
160 
130 
104 
150 
115 
100 
50 
100 
90 
75 
90 
100 
90 
180 
106 
142 
100 
90 
160 
40 
95 
80 
100 
100 
90 
100 
150 
115 
90 
180 
90 
100 
70 
53 
55 
.    82 
200 
100 
146 
64 
120 
130 
110 
98 
105 
100 
120 
103 
100 
90 
90 
97 
92 
SO 

Ft. 
840 
740 
706 
630 
666 
630 
670 
683 
739 
670 
688 
606 
685 
678 
690 
602 
669 
633 
677 
690 
610 
732 
670 
685 
660 
663 
680 
678 
630 
665 
689 
606 
706 
708 
845 
776 
765 
739 
610 
698 
674 
619 
662 
664 
674 
692 
674 
670 
f>70 
687 
<>90 
7a5 

mi 
m\ 
m\ 

Ft. 

Qals. 

op 

Hard. 

No  flow;  water  scarce. 

..; :: 

1 

No  water;  all  clay. 
Decreased  since.  1901. 
Do. 

mill 

iion 

789 
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Decreasing. 
,  House  use. 

IT 

50 
49 

Drinking. 
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rn 

Weak  flow;  decreasing. 
Weak  flow. 
House  use. 
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Hard. 
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Water  scarce. 

All  clay;  no  flow. 
House  and  bam. 
Domestic  and  stock  use. 
In  field. 
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5.2 
3. 2 
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1.3 
4.2 
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1.3 
2.5 
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49    

House  ust^;  water  soft. 
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House  and  bam. 

; 

House  use;  water  soft. 

h 

.•^  wnlls. 

*Ti 

nc 

.W    
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49J 

hurst 

rt 

48i In  field ;  water  soft. 

Stork  l)arn. 

ell 

:m  \ 

House  us««;  water  soft. 
Infield  for  stock. 
ITous<>  and  bam  use. 

1 

Soft  . . 

s  for  water  have  been  mndo  hi^t^,  deplh1^  mryinj;  Irnm  W  tr  I £13  ft^l .    Tbc  m,h  h^r  is  scarce 
.    Most  k  present  at  98  f(  et .     Lnrp<  ^t  pjift'of  niATt^rlul  1j«  hnrd  clay, 
through  sand  and  clay  to  wjati-r  \\M  n  i  ^*\[m^l  iincleotUEtiiiijd  to  100  feet  in  hopes  of  strong 
r  found  at  deeper  point.    Pi|^^'  ihjII-iI  hnck  to  flow  til  50  feet, 
remainder  sand.    r. ravel  ut  (tRi  N^'t,  good  flow. 
3tock  use.    Only  8  feet  of  pljM*  drillcti  throu^Eh  th«  hard  Huy  to  gravel  bed.    F'low  has 

A'cred  No.  91  nCTOft?  Uic  ro«d  *M\  th»'  pnuxTty  of  Wm.  Graham. 

sc.     Record;  Tltiy  ,'ff>  fwt        nlpnn  ancf  jrray  chiV.  '^ome  nebV>ies,  little  water,  IS  feet, 
fld  and  gravel,  16  ffst*!:  wn  cr  at  (Vl  f<^ef,  sir/Tnir  ftrnv    n<l  has  ])een  dilTlcult  to  control; 
it^ide  oT  pipe.    MLieht<)i    some  iron;  water  is  hard. 
add  flows  jit  nx  {m.  m  f»'»  t. 

a»  K15  fiHft  Irtwi^rt^il  h*'A<\ 
)  Iwt  and  t^^J  fii't .  resp«-<  f  iv( 
hnrd, 

in  gravelly  clay.    Tli  vw  ft 
!et  m  pipe.' 


1\. 


If),  4.').  jin<i  :il.    Two  other  wells  same  elevation  as  well 
onihincd  flowage  of  wrils  «'xcpe<ls  4.2  gallons  \h^t  second. 


•t  of  hanlpan  at  about  <i6  feet.    A  small  water  bed  at  85  feet 
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WeUs  in  Isabella  hasiUf  Isabdla  Couniif — Contiiiue<l. 
I8ABKLLA  TOWNSHIP  (T.  15  N.,  R.  4  W.)-- Continued. 
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Own«r. 


Ft.  ,  Ft.  , 

57  F.  Polwalker 90 

58  ;  Joe  Bradley 7«iO  .  V. 

59  D.  Rloglo 7«V5  104 

60  !  Wm.  Pfohl 759  100 

Gl  i  John  Johnson 775  29 

62  .  J.  Dovi'Iin 770  fti 

63  I  J.  naiTison 75*J  97 

64  1  Potor  Mahun 7r()  M 

65  '  J.  Harrison" 7«0  SO 

<W  I  C.  GoodstUl 759  110 

67  '  Chas.  Coo|KT  ft 750  114 

68  '  J.  (Jallagh<*r 749  W 

69  Wm.  Kdlar 747  100 

70  '  Wm.  Watson 770  93 

71  J.  Watson 7«H)  100 

72  Wm.  West li\\  ,  HO 

73  M.  Mun)hv 770  W 

74  .  J.  Conway 7h0  «X) 

75  '  J.  Mang 783  44 

76  School 780  38 

77  F.  WriKht 770  44 

78  F.  J.riari'«- 707  K\ 

79  Ed.  Rol)ert8 771  80 

80  J.Hobson 790  TkS 

81  A.Catlin 778  40 

82  F.  Uov 78.')  '  97  I 

83  P.  Fofley 813  89 

84  '  Wm.  Klllot 800  '  90  ' 

8.5     I.  U.  Vincon  d 815  lS«i 

»)  '  M.  Johnson 775  170 

87  ]  W.  Swlndlohurst ?.>5  100 

88  Rosolmsh  station 770  148 

89  '  Jot^  Honi 772  201  > 

90  Mr.  N«>iland 7K-)  m 

91  i  Wni .  ( ; rahain 78S  '.k) 

92  I  J.  Potior 7Sf)  93 

93  I  M.  McGuin- 770  SO 

94  '  School 7si  ;w 

95  Mrs.  Hoatha 773  3S 

9»»     J.  Kcllar 7»VS  .'lO 

97     J.  Rov 7»iO  70 

9S     K(l.  HolMTts i:v,\  VM) 

99     J.  CaniplM'll 748  .",0 

100  ('has.  Camnlx'll 745  115 

101  Put.  <;ar\vin SI5  SO 

102  V.  Miliar m)  ;iO 

1();{     J.  Hrr>()klin.'; 7<H)  S(.» 

104  K.  Van  Huivn SlO  ;«) 

105  O.  V.  Dart s|.-,  :{0 

10.;     L\nTian  .MiinirfT 7(0  |.'.7 

107     ^V^n.  H.'llunpT ' 793  «U) 

lOS     Jus.  Dali'V S«»  70 
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Ft.       Ft. 
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662 
674 
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649 
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667 
6<'i0 
683 
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2. 5    . 
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~'f:\ 

so  ' 
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"5.8" 
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1.6 
1.5 
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49i. 
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724 
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7.r. 
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8      ' 
1.2  ' 
1.3 
1.5  ' 
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1.5 : 
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2.1 
.9 
1.3 
2.1 
1.4 
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1. 1 
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1.5 
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.8 
1.6 

1.1 
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51  , 

51  , ' 

Hard. 

,...do.. 

m   Soft 


491 


49^  Hard 
50  !..  do. 
49  i...do  . 
...J.. .do. 
48  I. ..do  . 

I 
48  i...do  . 


50  I. 

51  . 

.70      . 
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...do.. 


Hard. 


.^.0 


Hard  . 
...do..j 


♦'.2.3 
69vS 

r»;«) 
7.r> 

770 
710 
l>SO 
•  iS.') 

r.o3 

733 


S.  2 
1.5 


49J    Hard 


2.  S    . 

1.5 

Soft'.'.'. 
...do.. 

«» 

49 

;, 

1..- 

Hani  . 



Houae  use. 

Do. 
Houfle  and  stock  utv: 

soft. 
House  usp. 
Pump  well;  water  snf 
House  use. 
In  field,  for  stock. 
House  use. 
Stock  bam. 
Decreased  by  well  i> 

f^t. 
In  heavy  gravel  be<i. 
House  use;  water  bar 
Stock  and  hou8t\ 
Water  from  sand  Ixxl. 
Stock  bam. 
In  field,  for  stock. 
Decreased  since  drillii 
In  field,  for  stock 
Bam. 
Drinking. 
House  and  bam. 
House. 

House  use;  nearly  all 
Bam  and  house;  wat 

gravel  bed. 
Stock  bam;  piped  to 
House  and  bam. 
House  use. 
Stock,  in  field. 
House  and  bam. 

Formerly    good    flo 
drained  by  No.  47. 

Drinking  and  steami 

House  use. 

No  water;  mostly  cli 

Stock  and  domestic  1 

Domestic  use. 

At  l>am;  piped  to  \\\ 

Drinking. 

House. 

Bam  and  house. 

No  water;  several  tr 

House  use. 

Clay  25  feet,   sand 
clay  15  feet. 

Domestic  use. 

House  use. 

Pump  well  in  sand. 

House  use. 
Do. 

Bam  and  house. 

House,  piped  to  bar 

House  use. 

Pump  well. 


n  Two  Wiitrr  iH'.is  pa^x'tl  brfon-  this  How.     Prift  <'lii»'(ly  flay  an>l  gravel.     Flow  not  as  j» 
fornicrlv. 
ft  (iooil  flow.     Mo.^tly  clay.     Siimll  fl«»w  at  70  Wv\. 

c  Sai<l  t'>  l»e  all  (ilay  to  (lo'fcot.  n'uiain.liT  <|ui('k.«<an<i.     .Much  in>n  deposit  and  algse. 
d  Ri-conl:  Sand  and  ^rav«>l,  JO  foct :  clav.  70  feet;  sanil  and  j;rnvi'l,  75  feet. 
<  Wat*«r  at  32  fe<'t.    All  clav. 
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WdU  in  laahdla  hasin,  habeUa  County — Continued. 
WISE  TOWNSHIP  (T.  16  N.,  R.  3  W.) 
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Roniarks. 
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r  8  , llouso  and  barn;  wator  hard. 

1 
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4Si House. 

In  fiold,  for  stock. 

4U  ' House  use. 

48    Do. 


7II> Mostly  clay;  some  sand  at 

I  top. 

2. 5    House  U9<.»  and  stock. 

1.5    I)ecroaa<»d    since   drilling   in 

1000:  watiTsoft. 
7.V)? Little  water. 


VERNON  TOWNSHIP  (T.  HI  X..  R.  4  W.),  SOUTHEAST  PART. 


^    A.  McDonald J^iJ 

'J   T.  Rajran TS" 

10  S.  Leight r?ft 

11  P.Slahar TOO 

12  0.  Sterne 795 

13  F.  Battle ftlft 

14  R.McConneil 785 

15  F.  Battle,  jr 786 

16  C.McKlhenery TIW 

17  J.  Crawley SW 

l.\J.  Md'.uire Tag 

19  I  John  Owen TS8 

W.Sh&rpe ?70 
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7ft4 
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^•^ 

7fi5 

..      ,. 

33 
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fflS 

2T 
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ss 

T27 

3» 

7tA 

lU 
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Tm 

«* 

712 

X 
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^i 

IM 

79g 

B(» 
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1.8    Hard 

2  49i...do. 

2       Soft  . 

»  48    ...do. 

\Ty    do. 

1.(1  49    ...do. 

2  48    ...do. 

ITj  48i:...do. 

2LR    ' 

I 

Li  48A:  Hard 

2.3    :i...do. 

2  49  I 


House  use. 

Flow  from  gravel  under  clay. 

Hous(>  use. 

Water  from  sand  imder  20- 
foot  clay  l>ed. 

Houw  use. 

Wat<T  from  grav«  1  under 
clay. 

Hous(>  and  bam. 

Wat<T  muddy  before  storm. 

Barn  and  house*. 

FalhHi  to  g»»t  flow. 

House  use. 

House  and  bam  use. 

Houst;  use. 


NOTTAWA  BASIN. 

The  limits  of  the  Nottawa  basin  in  Isabella  County  are  roughly 
let^rmined  by  the  moraines  of  the  Sau^inaw  ice  lobe,  and  the  few  wells 
ilready  drilled  show  the  water  beds  to  be  entirely  in  the  drift.  In 
he  northward  extension  of  the  Xottawa  basin  Mr.  S.  A.  (lleason  has 
rilled  a  well  in  se<5.  .So,  east  of  Clare  villat^e,  Clare  County,  which  has 
le  following  record : 

Record  ofdleaaon  urll,  Xottaun  has  hi.  Clan  Courttij, 


Thickness.  \   Total. 
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!  cla  V 10 

*.  clay :n 

tf  r  in  ^rravol 


Ffft. 
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In  the  northern  extension  of  the  Nottawa  basin  in  Grant  Township, 
Clare  County,  at  a  small  sawmill  south  of  Dover  post-office,  near  the 
east  quarter  jx)st  of  sec.  11,  the  water  beds  have  been  reached  by  three 
small  floN^-ing  wells,  as  shown  in  fig.  27. 

The  water  bed  of  sand  and  gravel  is  reached  by  wells  A  and  B,  300 
feet  apart,  with  depths  of  39  and  28  feet,  respectively.  In  well  B  the 
water  rises  16  feet  in  an  open  pipe  and  in  A  it  rises  5  feet.  If  well  B 
is  o}>ened  and  allowed  to  nin  twenty-four  hours,  the  head  in  well  A 
slowly  decreases  and  the  flow  stops.  These  changes  do  not  affect  the 
18-foot  well  which  is  half-way  between  the  two  deeper  wells,  and  in 
which  the  water  rLse^  20  feet  in  an  open  pipe.  The  July  temperature 
of  the  deeper  wells  is  48°  and  that  of  the  shallow  well  is  47°.  The 
flow  of  the  deeper  well  is  1.2  gallons  a  minute.  The  water  of  all  the 
wells  is  soft  and  suitable  for  boilers  and  domestic  purposes.     To  the 


"^S^^ 


Sand  ana  gravel 
Fuj.  27.— KoUition  of  wi'lla  near  Dover,  Clare  County. 

west  of  the  wells  for  one-fourth  of  a  mile  are  hills  of  clay  and  sand,  the 
tops  bemg  35  feet  liigher  than  the  mill,  and  this  probably  is  the  catch- 
ment area  of  the  beds. 

In  Isabella  County  the  Nottawa  ba^in  does  not  extend  farther  south 
than  the  lower  tier  of  sections  iu  T.  15  N.,  R.  5  W.,  and  it  takes  in  th^ 
southeast  ronior  t)f  CUhnoro  and  the  northwest  half  of  Vernon  town- 
shi{)s.  Duncan's  well  (Xo.4,  Vernon  ToN\niship)  is  a  good  representa- 
tiv(^  of  this  part  of  tlie  basin  which  is  between  the  well-defined  Sagi- 
naw  iiiorainos. 

Rtaml  of  Duncan  uril,  Isabella  County. 


Gray  cluy 

llardpun 

(May  und  ^'ruvd 
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Thickness. 
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;  on  the  eastern  and  western  edges  of  this  basin  pass  through 
3lay  under  a  covering  of  sand  and  gravel.     Water  is  very 
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Wells  in  N Ottawa  basin. 
NOTTAWA  TOWNSHIP  (T.  15  X.,  R.  5  W.),  ISABELLA  COUNTY. 
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o 

Ci.  i  ook 

(\Scofii«M 

School 

(J.  W.  (iordoii 

T.  T.  Wood 

H.  Glass 

f \  Scofield 

60 
4 

1.5 
2.3 
3.5 

48J   Soft.. 

■ 
House  use. 
Two  wells.    Bam  for  si 

3 
4 

48V 

48     Soft .  . 

48    ...do.. 

1 

Drinking. 

House  and  bam  use. 
A  spring  piped  to  road. 
Very  little  water. 
At  bouse. 

fi 

200 
35 

^  TO 

24 
30 
30 
51 

10 
49 

6.")0  1    twO 
780  1 

1 

48  1  Soft . . 

NOUTHWKST  VE 

WNSniP  (T.  16  1 

1 
7.36  1     872        1.3 

820    2.3 

832    1.5 

7%       S69       9.5 

8(X»    1 

S-Jf.       876       2.  1 

821    1.3 

IP  (T.  17  X..  K.4 

S'..  R. 

4  W.),  ISABELLA  COUNTY. 

? 

S<^hool 

W.  Warren 

F.  F.oomis 

48 

Soft.. 

AU  clay;  flow  Ln  grarel 
Stock  bam. 

3 

4  1  Will.  Dniican 

h  1  J.  ITo<lkins 

r>  i  S.  Thrower 

48J 

Medi- 
um. 
Hard. 

Drinking    fountain.    1 

and  bam. 
House  use. 

House  use  and  piped  to 
House  use. 

7  1  L,  Sim])son 

49 

Hard. 

(iUANT 

TOW 

87S 

UN) 

MS 

XSII 

m 

W.), 

V 

48 

.'LA RE  COUNTY. 

1 

1  1  HaiKhi  11  school 

2  '  Chiis.  IN'rry 

3  Sawmill  aii<l  house* 

SIS  !     891 
S2()  1     895 

1.5 
2 

1.6 
3 

Soft'."! 
Hard. 

Drinking  purposes. 
House  use. 

4  '  S.  A.  (ih'ason 

\x\ 

715 

SCA 

...do.. 

Do. 

Note. — The  wells  in  the  .\<>ttawa  basin  are  all  2  Indies  in  diameter. 


ISOLATED  FLOWS. 

Boyden. — Tho  ^'niatriiotic  nunoral"  (lowing  well,  near  Boy 
Deorfiold  Township,  was  obtained  in  prospecting  for  coal  on  the  1 
of  Mr.  W.  Wykcs  in  (Jctobcr,  1S97.  The  drillers  had  reached  a  d< 
of  16S  feet  and  left  the  work  for  the  night.  On  returning  in  the  m 
ing  they  found  a  flowing  well,  which  filled  a  2-inch  pipe  to  a  heigl 
1.")  feet  above  the  surface.     Tlie  beds  penetrated  were  as  foUows 
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Record  of  Wijken  well,  Boyden. 


lay  and  gravel 

and  with  some  water 

vavel  and  sand 

lay  and  pravol 

Uy 

YETel  with  water 

Ine  clay 

Kod  and  gravel  with  water  that  ovei^ows. 
'€>  reconl 


Total. 
Feft, 


\. 

Feet. 

20 

20 

2 

22 

8 

30 

20 

50 

25 

75 

5 

80 

,•« 

115 

15 

130 

38 

168 

The  water  is  hard,  with  some  gas,  probably  CO,,  and  much  carbon- 
kte  of  iron  is  deposited  about  the  well.  It  flows  6  gallons  a  minute 
und  has  a  temperature  of  49°.  The  following  partial  analysis  was 
nade  by  Dr.  A.  B.  Prescott,  of  the  University  of  Michigan,  November 
i3,  1897: 

Partial  analysis  of  water  from  WyJces  weU,  Boyden. 

Parts  per  million. 

ToUl  solids 187 

?'rBe  ammonia 08 

Ubuminoid  ammonia 007 

Hardness.  140. 

It  is  stated  in  connection  with  the  analysis  that  there  are  light 
quantities  of  u*on,  sulphates,  and  chlorides,  and  larger  quantities  of 
carbonate. 

This  water  is  used  commercially,  the  price  for  a  4-gallon  case, 
including  the  packages,  being  $1.50,  delivered  at  freight  or  express 
offices  in  Mount  Pleasant,  Mich.  The  water  is  also  shipped  in  bar- 
rels, at  the  rate  of  5  cents  a  gallon. 

The  well  is  situated  on  low  ground  near  the  Cliippewa  Valley,  and 
the  catchment  area  is  probably  on  the  higher  land  to  the  west. 

Blan^hnrd. — From  a  water-supply  schedule  obtained  by  W.  F. 
Cooper  it  is  learned  that  a  flowing  well  was  made  on  the  fann  of 
Stephen  Pumfrey,  3  miles  from  Blaiichard,  in  1895.  It  was  dug  to  a 
depth  of  30  feet,  with  a  diameter  of  3  feet,  and  discharges  about  3 
buckets  a  minute  at  the  well  mouth.  The  water  will  rise  several  feet 
,  above  the  surface  if  confined  in  a  pip(^  Tlie  water  is  hard,  with  some 
[  iron,    The  cost  of  the  well  was  $50. 

There  are  springs  along  Pine  River  in  this  township  wliich  carr>^  an 
oily  scum,  which  is  thought  by  the  residents  to  indicate  the  presence 
of  oil,  but  as  the  drift  in  that  vicinity  is  very  thick  it  is  improbable 
that  there  would  be  oil  issiiin*]:  from  the  iniderlying  rocks. 

MOUNT  PLKASAXT  WATKK  SIPPLIKS. 

Waterworks, — The  public  water  supply  of  Mount  Pleasant  was  orig- 
inally obtained  from  a  well  17  feet  in  diaiiK^ter  to  a  depth  of  20  feet 
and  6  feet  in  diameter  for  S  feet  farther,  in  the  bottom  of  wliich  four 
short  pipes  were  driven  to  the  water  bed.     To  this  s\ip^\y  \vas  \i^«a 
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added  seven  6-inch  and  8-inch  driven  wells  located  on  the  river  flit. 
These  wells  are  24  and  26  feet  deep  through  7  feet  of  surface  soil,  16 
feet  of  hardpan,  and  2  feet  of  water  gravel.  The  wells  at  one  time 
flowed,  one  having  sufficient  head  to  flow  8  feet  above  the  surface 
from  an  open  pipe.  The  wells  are  all  supphed  from  the  same  wat« 
beds,  as  is  shown  by  the  fact  that  pumping  one  well  will  lower  the 
water  in  others  200  feet  distant.  These  wells  having  failed  to  furnUi 
a  sufficient  supply,  several  cisterns  modeled  after  the  original  one  used 
at  the  installation  of  the  waterworks  plant  have  been  made,  eachbdng 
in  part  25  and  in  part  6  feet  in  diameter  and  having  driven  wells  in  the 
bottom.  This  arrangement  now  supplies  750,000  gallons  daUy,  bat 
during  a  dry  summer  the  supply  is  low. 

Private  welh. — ^The  shallow  pump  wells  of  private  citizens  geoxt- 
ally  give  a  good  supply  of  water  at  a  depth  of  15  to  20  feet  in  the  northr 
orn  part  of  the  city,  while  in  the  southern  part  there  is  a  marked  dif- 
ference in  the  shallow  wells.  Those  in  the  vicinity  of  the  nonnil 
school  pass  into  clay  under  a  slight  covering  of  sand.  The  well  driDen 
have  found  the  change  there  quite  sharp  between  a  belt  of  gravel  and 
sand  borderuig  the  river  and  the  clay  which  sets  in  near  the  normal 
None  of  the  wells  used  to  furnish  water  for  domestic  supply  reach  bed 
rock,  all  being  in  the  drift,  which  in  the  vicinity  of  Mount  Pleasant 
is  about  435  feet  tliick. 

Doctor  Getchell,  lots  3,  4,  and  6  of  block  31,  has  given  the  following 
record  of  a  well  drilled  on  liis  property: 

Record  of  Getchell  well,  Mount  PUcuant, 


Thickness.'  Total 


Sand 

Clay 

Sand  and  wat^r 

IIardi)an 

Sonic  <'<)ul  }>i«'<'rs  in  clav. 

Sand '... 

Water  in  gravel , 


I 
Feet,  I  Fed. 
30 
30 
5 
8 
9 
5 
14 


aD 
eo 

t5 
73 
82 
g7 
101 


Tliis  well  caused  sonw  excitement  because  of  tKe  presence  of  the 
drift  coal,  and  other  wells  200,  255,  and  355  feet  in  depth  were  drilled 
on  various  l(^ts  adjaccMit  to  Doctor  Getcheirs  properties,  but  no  rock 
was  found.  Later  careful  drilling  by  the  Midland  Chemical  Company 
on  their  property  on  section  10,  north  of  the  city,  on  ground  about 
770  feet  above  sea  level,  has  shown  the  rock  to  be  rea6hed  at  435  feet 
below  tlie  surface  and  to  have  the  drift  covering  shown  in  the  following 
record : 


CLABE   COUNTY. 


Ill 


HtPUamnUcUyandMidlandChemicalCimipanyweU, {sec.  10, T. UN,,R.4  W.) 
[From  samples  and  notes  of  A.  Borden;  determinations  by  A.  C.  Lane.] 


th  water;  coarse  gravel  on  top,  fine  sand  below. 


le  till  with  broken  coal  measures 

th  streaks  of  coal  (410,  435,  and  560  feet),  sandstone,  limestone, 

of  iron  and  Are  clay,  mostly  less  than  5  feet  thick 

i  rock  with  mineral  water 

rock  with  a  strong  flow  of  water  not  so  salt 

imestone 

e. 


le  (Parma)  with  very  salt  water. . 
te  (MaxviUe)  actively  effervescing. 


Thickness. 


Feet. 


80 
20 
20 
lOO 
74 
26 
55 


Total. 


Feet. 
80 
100 
120 
280 
354 
380 
435 


thale 

dolomite 

rly  pure  (gypsum) . 
J,  and  anhydrite... 
I  of  Marshall) 


k,  with  heavy  brine  originally  1,463  feet  deep,  afterwards  about 
ling  in  red  rock 


185 

620 

90 

no 

80 

790 

30 

820 

30 

860 

120 

070 

55 

1,025 

5 

1,030 

20 

1,050 

75 

1,125 

100 

1,225 

45 

1,270 

103 

1,373 

8 

1,381 

5 

1,386 

4 

1,390 

15 

1,405 

180 

1,585 

basket  factory  of  J.  Flynn,  according  to  a  statement  from 
•y  L.  J.  Lincoln,  a  small  flow  was  found  at  150  feet  and  a 
of  brackish  water  at  355  feet.  The  future  city  supply  is 
to  be  obtained  from  deeper  wells,  as  sufficient  tests  have 
e  to  show  that  the  water  is  not  abundant  in  the  lower 
le  drift  and  that  it  is  also  too  highly  mineralized  to  be 
7- 

VATER  SUPPLIES  OF  CLARE  COUNTY. 

By  Frank  Leveuett. 

GENERAL.  STATEMENT. 

ounty,  of  which  Harrison  is  the  county  seat,  lies  imme- 
)rth  of  Isabella  County,  near  the  center  of  the  southern 
The  northwestern  part  is  traversed  by  Muskegon  River,  on 
rs  of  which  there  is  a  rather  barren  sandy  plain  from  5  to 
n  width.  The  extreme  northwest  corner  has  a  few  square 
illable  land  which  has  been  settled  and  where  wells  have 
ined  at  moderate  depths,  usually  less  than  50  feet. 
Lst  of  the  Muskegon  Kiver  sand  plain  is  a  prominent 
system  running  from  the  northeast  corner  of  the  county 
ward  past  Harrison  into  northwestern  Isabella  County. 
>art  of  it  is  unsettled.  The  few  wells  indicate  that  the 
le  generally  lies  75  to  100  feet  or  more  below  the  surface, 
vood  TowTisliip,  however,  there  is  a  settVemenX)  m  \4\adtv. 
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welb  have  been  found  at  40  to  60  feet,  the  altitude  being  lo« 
than  in  the  part  of  the  moraine  to  the  east  and  south. 

Tlio  southeastern  part  of  the  county  slopes  rapidly  down  to 
old  lake  plain  covered  by  the  Glacial  Lake  Saginaw,  and  is  tr 
ersed  by  weak  inorainic  ridges.  Flowing  wells  have  been  found 
the  valleys  and  low  tracts  in  this  part  of  the  county,  which 
partly  discussed  in  the  report  b}^  Mr.  Gregory  (p.  106)  and  parth 
the  writer  herewith. 

WATERWORKS, 

CLABB. 

Clare,  wnth  a  population  of  about  1,600,  has  a  w^atenvorks  sy 
supplied  by  a  well  about  40  feet  in  depth.  The  water  is  from  gi 
and  rises  nearly  level  with  the  surface.  The  supply  is  of  good  ( 
ity  and  adequate  to  the  needs  of  the  town.  Tobacx^o  River  is 
connected  with  the  system  and  can  be  utilized  in  case  of  fire, 
ordinary  pressure  is  20  pounds  and  the  fire  pressure  60  poi 
The  wells  of  this  village  range  in  depth  from  17  to  42  feet. 

FABWEir. 

Farwoll,  with  a  population  of  about  500,  has  a  watenvorks  sy 
supf)lie(l  from  a  pond  fed  by  a  spring  brook.  Water  is  pin 
direct,  and  an  orduiary  pressure  of  40  pounds  and  a  fire  pre 
of  140  pounds  furnished.  The  wells  of  the  town  are  20  to  23 
in  depth  and  are  in  common  use  by  the  residents. 

HARBISON. 

The  j)ublic  supply  of  Harrison,  the  county  seat,  is  pumped 
Bud   Lake  direct  to  the  mains,  which  have  a  length  of  IJ  r 
Very  few  private  wells  are  in  use. 

>iis(  i:ll.vxix>us  town  supplles. 

At  Temple,  which  is  located  on  the  bank  of  the  Muskegon  E 
wells  are  driven  tlirouti:li  sand  about  40  feet  and  obtain  an  abiin 
supply. 

At  Clarence  the  wells  vary  greatly  in  depth,  there  being  a  r 
from  IG  to  116  feet  in  the  vicinity  of  tlie  hamlet.  The  water  ii 
deep  wells  stands  about  20  f(»et  below  the  surface. 

At  Crooked  Lake  driven  wells  and  tlie  lake  constitute  the  y 
supply.  The  wells  are  from  25  to  ")()  feet  in  deptH  and  have  y 
standing  about  12  feet  below  tpe  surface. 
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FLOWING  WELLS. 

8HEEIDAK  TOWNSHIF. 

In  the  central  part  of  Sheridan  Township,  the  southeast  township 
:  Clare  County,  at  an  altitude  about  800  feet  above  the  sea,  is  a 
mall  flowing-well  district.  It  is  1  to  2  miles  northwest  and  a  little 
Iwve  the  level  of  the  highest  shore  of  the  Glacial  Lake  Saginaw. 

Only  five  wells  were  noted,  but  possibly  others  occur,  as  the  notes 
rere  made  some  years  ago  when  tracing  the  shore  line  through  the 
•egion.  The  strongest  flow  is  at  the  residence  of  Joseph  Schenck, 
in  the  east  side  of  sec.  16,  its  yield  being  5  gallons  a  minute  from 
i  IJ-inch  pipe.  It  is  reported  to  have  flowed  12  gallons  a  minute 
torn  a  2-inch  pipe  before  the  reducer  was  put  on.  The  temperature 
1 47°  F.  The  depth  is  103  feet  and  water  will  rise  to  at  least  5  feet 
bove  the  surface.  The  well  passed  through  a  clayey  till  for  75  feet 
nd  then  through  sand  to  a  crust  at  bottom,  beneath  which  the 
trong  flow  was  found.  The  other  flows  are:  George  Chunz  well,  in 
rest  part  of  sec.  15;  schoolhouse  well,  in  northeast  part  of  sec.  15 
very  weak  flow  from  well  66  feet);  John  Smith  well,  in  southwest 
omer  sec.  11  (depth  106  feet,  altitude  10  to  12  feet  above  school- 
louse  well,  and  stronger  flow);  George  Schunk  well,  in  west  side 
ec.  10  (depth  75  feet,  weak  flow).  The  cat<;hment  area  is  likely  to 
>e  in  higher  land  that  lies  immediately  northwest  of  these  wells. 

WATER  SUPPLIES  OF  GLADWIN  COUNTY. 

By  Frank    Leverett. 

GENERAL  STATEMEXT. 

GladN\Hn  County  is  traversed  nearly  centrally  from  southwest  to 
lortheast  by  the  shore  line  which  marked  the  upper  limits  of  the 
jlacial  Lake  Saginaw.  There  is  a  rapid  rise  from  about  800  feet  at 
ihe  shore  line  to  1,100  feet  or  more  in  the  northwest  comer  of  the 
county.  East  from  the  shore  line  is  a  gradual  descent  to  Tittabawas- 
Jee  River,  followed  by  a  slight  rise  to  a  water-laid  moraine  that  lies 
3ast  of  the  river. 

Flowing  wells  have  been  obtained  at  several  places  along  or  near  the 
old  lake  shore,  and  there  is  a  possibility  of  much  more  extcuisive  devel- 
opment not  only  in  the  vicinity  of  this  shore  line  but  in  valleys  and 
lowlands  between  morainic  ridges  to  the  west.  Flows  may  ])(Thaps 
be  obtained  along  Tittabawassee  River,  but  that  portion  of  the 
county  is  still-largely  unsettled. 

The  catchment  areas  which  su])ply  th(»  flowing  wells  are  to  be 
found,  in  all  probability,  in  the  more  elevated  country  west  and  north 
of  the  wells,  as  in  the  neigliboring  larger  flowing-well  districts  in 
Isabella  County  described  by  Gregory  (pp.  92-111),  of  which  this 
chain  of  flowing-weJJ  ciisiricis  may  be  regarded  as  t\\e  coxv\*\\\\x\v\Aa\i. 
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FliOWING  WEIiliS. 

OLADWnr  DIBTBICT. 

This  includes  not  only  flowing  wells  in  the  village,  but  scattered  1 
flows  to  the  south,  between  Gladwin  and  Beaverton,  and  a  flow  at  tkl 
county  infirmary  north  of  Gladwin.  The  strip  is  nearly  10  miles  long  1 
and  lies  along  or  near  North  Cedar  River.  The  flows  in  Gladwin  and  I 
at  the  infirmary  are  in  the  valley,  but  some  of  those  south  are  onflK] 
bordering  lake  plain,  not  far  below  the  old  shore. 

At  the  Gladwin  waterworks,  in  the  west  part  of  the  village,  on  I 
ground  about  15  feet  lower  than  the  railroad  station,  or  765  feet  | 
above  tide,  are  two  wells  which  flow  with  a  head  about  25  feet  above 
the  surface.     One  well  was  sunk  to  a  depth  of  465  feet,  but  found  i  \ 
bitter  water  in  the  lower  part,  so  that  it  is  shut  out  and  the  supply »  I 
obtained  from  160  to  180  feet,  in  rock  which  immediately  underlies  the 
drift.     The  other  well  was  sunk  to  a  depth  of  only  165  feet.     The  first 
well  is  reported  by  Gregory  to  flow  about  100  gallons  a  minute.    The 
river  is  drav^Ti  upon  in  case  of  fire,  and  pumps  (Gordon  &  Maxwell)  are 
installed  which  have  a  daily  capacity  of  1,500,000  gallons. 

The  flowing  well  at  the  infirmary  in  sec.  25,  T.  19,  R.  2  W.  is  only  37 
feet  deep  and  has  a  head  of  at  least  6  feet.     It  is  from  glacial  deposits. 

W.  M.  Bush,  a  short  distance  south  of  Gladwin,  has  a  flowing  wdl 
reported  to  be  230  feet  deep  and  4  inches  in  diameter.  Gregory 
learned  that  its  rate  of  flow  is  5  gallons  a  minute. 

About  5  miles  south  of  Gladwin,  on  the  W.  H.  McCuUoch  farm,  in 
the  east  part  of  sec.  34,  T.  18,  R.  2  W.,  is  a  flowing  well  68  feet  deep. 
It  stands  near  the  bluff  of  the  North  Fork  of  Tobacco  River,  about  25 
feet  above  the  level  of  the  stream. 

In  the  south  part  of  sec.  36,  T.  18,  R.  2  W.  is  a  well  on  the  farm  of 
Frank  Finsel,  which  has  a  head  level  with  the  surface.  It  stands 
near  the  beach  of  Lake  Saginaw  at  an  altitude  very  nearly  800  feet 
above  tide.  The  depth  is  135  feet,  and  the  well  is  entirely  through 
clay  to  the  water-bearing  gravel  at  bottom. 

Fraser  and  Button,  of  Gladwin,  made  in  1902  a  flowing  well  400  feet 
in  depth  and  4  inches  m  diameter.  The  water  is  running  to  waste  iB 
large  quantities.^ 

On  the  farm  of  A.  Adams,  6  miles  south  of  Gladwin,  in  sec.  36,  fl 
well  44  feet  in  depth  and  2  inches  in  diameter  was  made  in  1902  at  fl 
cost  of  .$50.  It  flows  25  gallons  a  minute.  The  water  is  reported  ic 
be  hard." 

McCLUBE  DISTRICT. 

On  the  plain  west  of  Sugar  River,  north  of  McClure  post-office,  sev- 
eral flowing  wells  have  been  obtained  at  moderate  depths,  none  being 
more  than  100  feet.     Six  of  the  wells  are  on  the  Jacob  Schwartz  famn 


o  Data  collected  by  W.  F.  Cooper. 
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d  one  on  the  Dutscher  farm.  The  altitude  is  about  810  feet  or  but 
jchtly  higher  than  the  beach  of  Lake  Saginaw,  which  comes  to  Sugar 
ver  south  of  McClure.  This  plain,  however,  is  back  of  a  moraine 
dch,  to  the  southwest,  Ues  near  the  shore  of  the  old  lake.  The 
bchment  area  is  probably  in  the  country  which  rises  west  or  north- 
st  from  the  wells.  No  data  were  obtained  as  to  the  strength  of 
ese  wells  further  than  the  statement  that  they  all  had  ''good  flows.'' 

BDWASDS  BISTSIGT. 

About  a  mile  south  of  Edwards  post-office,  in  the  northern  edge  of 
le  northeast  township  of  Gladwin  County,  is  a  small  group  of  shallow 
mng  wells  30  to  35  feet  deep.  They  are  in  sees.  5,  8,  and  9,  T.  20, 
.  2  E.,  on  a  plain  of  black,  sandy  loam,  between  the  middle  and  east 
ranch  of  Tittabawassee  River,  standing  about  800  feet  above  tide, 
here  is  a  slight  depression  where  the  wells  are  located,  perhaps  10 
5et  below  bordering  tracts.  The  catchment  area  seems  Ukely  to  be 
ithin  a  mile  or  two  north,  on  sandy  ground,  near  Edwards  post-office, 
)r  the  shallowness  of  the  wells  and  the  slight  head  which  they  show 
jcarcely  5  feet)  seems  consistent  with  a  near,  rather  than  a  remote, 
atchment  area.  The  weUs  appear  to  have  passed  through  a  few  feet 
f  clayey  material  under  the  sandy  loam  before. striking  water.  The 
)llowing  were  the  wells  in  operation  at  the  time  of  observation  in  1901 : 
ra  Mayes,  east  part  sec.  5,  depth  about  30  feet;  Ed.  Hayes,  north 
art  sec.  8,  depth  about  30  feet;  I^ewis  Harrell,  northwest  comer 
?c.  8,  depth  33  feet;  and  Henry  De  Lord,  west  part  sec.  9,  depth 
bout  35  feet. 

WATER  SUPPLIES  OF  BAY  COUNTY. 

By  W.  F.  Cooper. 

FLOWING  WELLS. 

The  artesian  area  of  Bay  County  (PL  111)  is  in  the  lowlands  lying 
i^est  of  Saginaw  Bay  and  in  the  valley  of  the  two  forks  of  Kawkawlin 
liver,  though  there  arc  otlier  small  tracts  on  higher  land.  The 
Teater  part  of  the  artesian  water  is  from  the  drift. 

WILLIAMS  TOWNSHIP. 

In  the  northeastern  part  of  Williams  Township  (T.  14,  K.  3  E.)  the 
lepth  of  flowing  wells  ranges  from  SO  to  9.")  feet,  the  wells  being  found 
nsecs.  1,  2,  3,  4,  11,  12,  and  13.  The  water  is  slightly  salty  and  comes 
rom  gravel  beds  in  the  drift.  This  area  formerly  extended  farther 
-ast  into  Monitor  Townshi])  (T.  14  N.,  K.  4  E.),  where  flows  were 
>btamed  in  the  valley  of  Culver  Creek  in  sees.  7,  17,  18,  U),  and  20, 
iuite  recently  Mr.  Theodore  Archambeau  while  drilling  for  coal  in  the 
IRB  183—06 J) 
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valley  of  the  south  fork  of  KawkawUn  River  obtained  a  flow  near  the 
north  Uno  of  sec.  10,  T.  14  N.,  R.  4  E.,  which  seenis  to  be  anortherij 
continuation  of  the  former  Culver  Creek  area. 

Numerous  wells  in  the  eastern  half  of  Williams  Township  obtain 
their  supply  from  the  drift  down  to  a  depth  of  220  feet,  as  in  the  deep 
well  at  Auburn,  which  penetrated  first  80  feet  of  clay,  then  138  feet 
of  sand  and  2  feet  of  gravel,  the  latter  resting  on  the  shale  rock  of 
the  coal  measures.  The  gravel  is  water  bearing,  but  the  overly- 1 
ing  sand,  although  allowing  the  water  to  permeate  it,  wnll  not  furnish 
it  in  sufficient  quantities  for  an  adequate  or  stable  supply.  Tlf 
drift-filled  pre-Glacial  drainage  valley  over  wliich  Auburn  st^ 
trends  east  to  west  and  increases  in  depth  w^estward.  Along  its 
course  it  would  bo  well  wherever  possible  to  obtain  water  at  a  depth 
of  less  than  SO  feet.  The  process  of  drilling  through  sand  is  difficull 
and  expensive,  besides  added  to  the  difficulty  of  keeping  the  casing 
free  from  clogging. 

KAWKAWLIH    VALLET. 

Northward  from  Williams,  in  Beaver  Township  (T.  15  N.,  R.  3  E.), 
the  area  of  artesian  water  is  in  a  general  way  contiguous  to  the  basin 
of  the  two  forks  of  Kawkawlin  River,  and  to  a  drift-filled  pre-Glacial 
channel  whic'h  has  a  southwesterly  course  across  Beaver  Township, 
as  indicated  on  the  map.  Beds  of  gravel,  apparently  of  inter-Glacia 
age,  deposited  in  the  coal  measures,  within  the  limits  of  this  ok 
channel,  furnish  the  conditions  necessary  for  flows.  The  source  o 
water  is  pr()bal)ly  from  the  north  and  the  west.  Where  such  bedi 
are  tapped  in  this  relativelydepressed  area,  flowingwells  are  obtained! 
There  are  at  least  two  and  probably  three  water  horizons  in  Beave 
Township — tlie  uppermost  at  a  depth  of  60  to  80  feet,  a  lower  one  a 
110  feet,  and  a  still  deepc^r  one  at  173  to  197  feet.  Some  wells obtaJ 
flows  both  at  ()o  and  110  feet.  The  amount  of  flow  does  not  seei 
to  l)ear  any  relation  to  the  depth.  Two  of  the  heaviest  of  the  flov'i^ 
wells  have  depths  as  widely  diilen^nt  as  03  and  173  feet,  one  in  t 
SW.  I  MM'.  3")  hein^  1)3  iovi  and  the  Cherry  well  in  the  SE.  J  sec.  ^ 
BeaA^er  Township,  l)eing  173  feet. 

In  Kawkawlin  Township  (T.  15  N.,  R.  4  E.)  artesian  waters  ha 
been  obtained  in  rather  liniittMl  areas  adjacent  to  north  fork  of  Ka 
kawlin  Uiver  in  the*  northeastern  and  southwestern  portions  of  I 
township.  This  latter  area  formerly  op(uied  out  to  the  south 
nichide  tlie  lower  reaches  of  the  north  fork  down  to  its  junction  wi 
the  south  fork  in  Monitor  Township.  The  very  limited  area  at  t 
northeast  corner  of  sec.  31  is  in  a  swale  (traversed  by  drain  No. 
The  depth  here  is  S2  feet  to  water,  w  hich  conies  from  a  gravel  depo: 
overlying  the  rock.  An  artesian  well  from  the  rock  is  found  in  N 
J  sec.  21,  the  depth  being  175  feet. 
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FSASEB  FESLB. 

In  Fraser  Township  the  artesian  conditions  appear  comparatively 
^••^Jiiple,  flows  being  obtamed  in  gravel-bearing  beds  probably  just 
^^'^^^rerlying  the  rock,  in  a  plain  whose  catchment  area  is  on  higher  land 
the  northwest.  The  wells  are  restricted  to  the  area  adjacent  to 
law  Bay,  a  portion  of  the  valley  of  Mitchie  Creek,  and  the  valley 
djacent  to  the  Chute  Creek  drainage  in  the  western  half  of  Fraser 
^PPownship.  The  depth  varies  from  28  or  30  feet  in  the  northern  por- 
tion of  the  township  to  as  much  as  75  feet  along  the  road  west  from 
iwood,  and  follows  very  nearly  the  inequalities  of  the  rock  eleva- 
„on.  A  subordinate  area  formerly  extended  a  short  distance  up  the 
Vnirale  now  traversed  by  the  Ryan  drain  at  the  line  of  sees.  21  and  28, 
^^12  and  27.  In  the  NW.  J  sec.  18  is  a  well  to  bed  rock,  128  feet  deep, 
TlSrhich  has  ceased  flowing. 

PIHCOHKIHO  FIELD. 

;'  In  Pinconning  Township  the  Chute  Creek  area  of  artesian  water  is 
^extended  northward  through  the  central  part  of  the  township,  flows 
^bein^  obtained  from  depths  ranging  from  45  to  85  feet.  Apparently 
\the  water  is  obtained  from  gravel  beds  overlying  the  rock,  in  a  similar 
[position  to  those  southward.  East  of  the  Algonquin  beach,  along 
le  State  road,  flows  have  occasionally  been  tapped  at  depths  rang- 
-ing  from  38  to  60  feet.  Detailed  data  regarding  wells  at  Pinconning, 
'€5ollected  by  W.  M.  Gregory,  are  given  on  pp.  270-271. 

MOUirr  FOREST  FIELD. 

A  small  area  of  artesian  water  has  been  found  in  Mount  Forest 
To^-nship,  which  with  further  drilling  may  be  considerably  extended. 
The  flows  are  obtained  in  the  SE.  }  sec.  10,  where  coal  drilling  was 
carried  on  for  John  Mansfield.  There  are  flows  at  90  feet  (at  the 
base  of  the  drift),  and  in  beds  of  sand  rock  in  the  coal  measures. 
Prospectively  the  best  area  to  test  further  would  be  to  the  north  and 
west  in  the  basin  of  Saganing  Creek. 

SUMMABT. 

Taking  the  artesian  waters  as  a  whole  almost  all  the  flows  ar(»  ol)- 
tained  from  gravel  beds,  either  at  the  base  of  the  drift  formation  or 
interbedded  with  Glacial  clays.  Artesian  water  is  also  often  ol)- 
tained  in  relatively  depressed  areas  in  the  line  of  pro-Glacial  valleys. 
While  it  is  not  possible  to  determine  i)recisoly  the  ori^^in  of  the  flows 
in  the  central  and  northern  part  of  the  county,  it  seems  probable  that 
the  elevated  moraine,  covered  with  sand  and  gravel,  traversing  the 
western  portion  of  Gibson  Township  in  a  southwesterly  direction, 
and  thence  running  southerly  through  Gladwin  and  Midland  coun- 
ties, furnishes  the  catchment  area.     It  is  also  thought  iVvat  VW^^  W^^ 
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of  sand  and  gravel  which  hold  the  artesian  water  are  inter-Glacial 
and  were  covered  by  beds  of  clay  and  hardpan  deposited  during* 
later  ice  advance. 

The  absence  of  flowing  wells  from  the  drift  in  the  southeastern 
part  of  Kawkawlin  and  the  northwestern  part  of  Bangor  townships, 
adjacent  to  the  shore  of  Saginaw  Bay,  seems  due  to  the  upward  rise 
of  bed  rock  in  that  direction,  and  to  the  almost  entire  absence  thereof 
gravel  beds  in  the  drift.  The  artesian  water  seems  to  come  from  the 
northwest  and  to  be  thus  ponded  back  by  the  bed  rock. 

No  precise  data  were  obtained  concerning  the  actual  amount  of 
water  running  from  the  wells  nor  of  the  capacity  of  the  nonflowing 
wells.  Shallow  wells  show  a  tendency  to  become  lowered  in  summer, 
and  in  some  cases  fail  entirely.  The  flowing  wells  are  on  the  whole 
diminishing  sUghtly  in  flow  and  in  area,  which  makes  it  seem  imjxff- 
tant  to  keep  the  water  shut  off  when  not  in  use.  The  following  record 
sets  forth  observations  which  are  at  hand : 

Flowing  wells  in  Bay  County. 


Township. 
Heaver            

Section. 

.J             IH 

When 
made. 

1880 

"isiw" 
"isTi" 

187.-. 
1878 
18S4 

Do       

32 

FrasiT 

2 

Do       

C 

Do     

28 

KawkHwliii 

Do 

Do 

3 
•Ai 

..'                8 

Do    

19 

Do 

..:        34 

Do 

1S'.M 

D«) 

Do 

27 

189  J 
18«V» 

Do 

.'{2 

Do 

32 

18'.¥) 

Do 

Si 

1897 

Do 

Williuuis 

...:              34 
4 

1897 
1S87 

Remarks. 


Cherry    wcU;   depth,  173    feet;  no    diminution;  prohibly 

strongest  flow  in  countj'. 
William  People's  well;  depth,  74  feet;  ceased  flowing;. 
D«'r>th,  28  feet;  continued  steady  flow,  1900. 
(^rrcat  dwrease. 
Flowed  m  1892:  now  ceased. 
Stopped  flowmg  in  1884;  now  4  feet  below  surface. 
Original  head,  —2  feet;  now  much  lower. 
FlowiHl  for  3  years;  now  —8  feet. 
Flowed  in  1900. 

-2  feet  in  1892;  -6  feet  In  1900. 
Flowwi  1  year;  -9  feet  in  1904. 
Flowed  2i  ivrt  above  surface;  now  1  foot  above;  wf*t 
Original  head  4-1  foot;  in  1900,  -6  feet. 
Flowixl  5-in«'h  stream  IJ  feet  above  surface  in  1S96:  crt*** 

in  IIKX). 
Original  head  —6  fwt;  now  much  lower. 
Flowotl  U  feel  above  surface;  ceawxl  in  1900. 
I'^lowod  I  fo(.t  above  surface:  35  feet  below  In  1900. 
l*ionet^r  well;  continued  constant  in  1900. 

The  first  shaft  of  the  Pi ttsburji:  Coal  Company,  near  Amclith,  struck 
a  bod  of  water-hearing  sand  at  a  depth  of  about  40  ifeet.  The  gre*^ 
quantity  wliich  was  puini)ed  out  at  that  time  affected  the  wat^^ 
supply  more  than  2  miles  away,  as,  for  instance,  in  the  case  of  tt* 
well  at  the  ilicliigan  House,  which  went  dry. 

NONFLOWIXG  WKLT.S. 

In  Merritt  and  Portsmouth  townsliips  sliallow  surface  wells  havii^ 
depths  of  from  15  to  20  feet  often  contain  an  insufficient  amount  C 
water,  l)eside  being  otherwise  objectionable  on  account  of  surface 
drainage  and  organic  matters,  while  brackish  water  sets  in  at  a  dept- 
of  al)out  80  feet,  thus  leaving  but  a  narrow  zone  from  which  water  (^ 
good  quality  can  be  obtained. 
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In  Hampton  Township  fresh  water  is  obtained  at  depths  ranging 
from  30  to  80  feet. 

In  Frankenlust  Township  fresh  water  may  be  obtained  dovm  to 
<iepths  of  at  least  85  feet,  and  in  general  a  fairly  abundant  water 
supply  may  be  obtained  at  a  depth  of  less  than  50  feet. 

In  Bangor  Township  an  abundant  water  supply  of  good  quaUty  is 
generally  obtained  at  a  depth  of  less  than  30  feet,  and  fresh  water  is 
oft^n  found  to  a  depth  of  80  feet,  but  brackish  water  sets  in  at  a  Uttle 
over  100  feet. 

In  Monitor  Township  there  is  no  difficulty  in  obtaining  water  at 
depths  of  less  than  90  feet,  below  which  depth  it  is  liable  to  be  brackish. 
In  Williams  Township  troublesome  sand  deposits  make  deep  drill- 
ing sometimes  necessary;  but  the  western  portion  of  the  township 
usually  affords  good  supplies  at  moderate  depths. 

In  Beaver  and  Kawkawlin  townships,  outside  the  areas  qf  flowing 
wells  already  described,  a  sufficient  supply  of  water  is  generally 
obtainable  at  a  depth  of  less  than  90  feet,  though  one  well  in  the 
southwestern  part  of  Beaver  went  down  to  130  feet.  Mr.  Shaw,  in  sec. 
28,  Kawkawlin  Township,  found  fresh  water  at  105  feet  and  also  in 
the  rock,  but  at  a  depth  of  160  feet  encountered  brackish  water. 

In  Fraser  and  Garfield  townships,  outside  the  area  of  the  flowing 
wells  of  the  Fraser  field,  fresh  water  supplies  are  obtained  down  to 
112  feet,  as  at  Crump  post-office.  However,  in  the  southwestern 
I>ortion  of  Fraser  Township  several  wells  80  or  90  feet  have  become 
dry.  This  may  be  due  to  subsurface  drainage,  though  the  cause  for 
failure  is  still  an  open  que^stion.  It  is  prol)al)le  supplies  may  be 
obtained  l)y  deepening  the  wells  into  the  underMng  bed  rock,  say  to 
a  depth  of  about  125  feet.  Wells  in  the  western  part  of  Garfield 
To\^Tiship  are  generally  shallow  and  the  water  is  of  a  quality  that 
[     suggests  a  need  for  deepening  to  better  supplies. 

Wells  in  Pinconning  Township  usually  ()l)tain  a  sufficient  supply  at 
deptlis  of  less  than  80  feet,  l)ut  are  occasionally  much  deeper.  In 
the  SE.  i  sec.  9  a  well  200  foot  deep  obtained  a  good  supply  of  water 
without  objectionable  mineral  properties. 

In  Mount  Forest  Township  the  wells  are  generally  shallow,  except 
in  the  southeastern  portion,  where  a  few  have  a  depth  of  90  to  145 
feet,  one  deep  one  being  at  the  schoolhouse  in  sec.  LS.  These  deep 
wells  seem  to  be  free  from  any  objectionable  mineral  matter. 

In  Gibson  Township  most  of  the  wells  are  shallow,  and  many 
should  be  deepened  to  insure  a  pernianiMit  and  pure  supj>ly.  In  the 
morainal  region  in  the  w(\stern  part  of  the  township  wells  have  in 
some  cases  failed  to  reach  a  <i:ood  siipi)ly  at  100  feet.  At  Bentley, 
however,  Mr.  William  llinman  obtained  an  abundant  amount  of  good 
water  in  a  sandstone  of  the  coal  measures  at  a  depth  of  100  feet. 
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Ill  order  to  obtain  a  permanent  supply  in  the  morainal  r^on  in  the 
west  em  third  of  this  township  it  may  be  nece^ssary  to  go  to  a  depth 
similar  to  that  at  the  Ilinman  well. 

QUALITY  OF  WATER. 

The  records  of  several  wells  east  of  Saginaw  River  in  Hamptoa 
township  show  that  water  containing  brine  percolates  upward  in  the 
coal  measures  to  witliin  about  125  feet  of  the  surface,  above  which 
fresh  water  has  been  obtained  at  depths  ranging  from  30  to  80  feet. 

A  number  of  well  records  in  Merritt  and  Portsmouth  townships  indi- 
cate that  wells  in  the  drift  having  a  depth  of  80  feet  generally  contain 
a  small  amount  of  saline  matter. 

A  well  in  sec.  14,  Frankenlust  Townsliip,  obtained  fresh  water  at  i 
depth  of  S.3  feet,  but  upon  being  extended  to  a  depth  of  135  feet 
became  saline.  For  the  central  part  of  Frankenlust  To\niship  the 
ui)per  limit  of  saline  water  is  a  depth  of  about  100  feet. 

IiiBanj^orTownshipthe  upper  limit  of  the  percolation  of  brines  is  not 
far  from  that  in  Frankenlust  Township,  while  westward  in  Monitor 
Township  the  depth  to  brines  is  about  the  same  as  in  Hampton  To\^ti- 
shij),  125  feet,  alth()ut]:h  wells  in  the  drift  are  occasionally  slightly 
brackish  at  about  90  feet. 

WATKll    TKi>ll*j:RATtTRES. 

The  foll()winti:ol)servat  ions  were  taken  with  a  standard  thermometer, 
Green  Xo.  7521): 

'J'lnifK  ratlins  of  Hay  (^ounty  yxUers. 

'F. 

Shaft  of  Wlmtchoor  niino,  sor.  :i(),  T.  LS  X..  ]{.  0  ?:.  at  139  feet 54.o 

Saiiu'  >haft  at  I.m  and  19S  foct 51 

Shufi  1  \  milts  cast  o[  Aulnini,  water  imnipod  in  large  volume  from  a  depth  of  90  feet 

(tested  also  hy  Dr.  A.  ('.  Lane) 50 

Fluwin;:  well  iiear  southwest  eorniM  sec.  27,  PincoDnin^j:  Township  (Lane) 51.5 

Ixich's  bakery  well  at  Pinetmniiijr,  Aujj:u>t  (>,  11^)1  (Lane) 4S.5 

Sairinaw  iiay: 

Averaire  of  .S4  oh.M'rvaitions, So])tend»or  12  to  2(),  1904,  In'tween  5.30  a.  m.  and 

7p.ni 72.  U 

Iliirhe.^i  t("ni[>eraturi',  Septcnd)er  12  to  2(1,  at  \\  j).  ni.:  seven  observ^ations 75.  I* 

Xij^ht  observations  between  9  p.  ni.  and  3  a.  ni.,  N'pienilxT  22  to  23  and  Septem- 
ber 2">-2G:  eijxlit  ol).s<'rvalions,  average 0(>.  ''^ 

liowest  teinperature.s  noted  were  at  3  a.  ni ;  average 1)5.  >'' 

Bay  ( 'ity ,  wells  .SO  feet  deep  (tested  by  Lane) 'jO 

TOWN   SUPPLIES. 

BAY  CITY  AND  WEST  BAY  CITY. 

Bay  City  and  West  Bay  City  (now  one  (•or])oration)  obtain  publ^ 
supplies  from  Saginaw  Bay,  there  being  two  j)uni|)ing  stations,  o^^ 
taking  water  near  shore,  the  other  3  miles  out.     The  water  is  not  t^ 
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[>  the  standard  desired,  owing  to  the  shallowness  of  the  bay  and  con- 
equent  turbidity  during  storms,  and  to  the  dangers  of  contamination 
flxen  an  off-shore  breeze  carries  the  sewage  into  the  bay.  The 
iresent  supply  may  be  rendered  more  satisfactory  by  a  further  exten- 
ion  into  the  bay  and  fuller  protection  from  contamination.  As  to 
>ther  sources  of  water  supply,  it  may  be  stated  that  it  will  be  feasible 
A>  take  water  from  wells  in  the  Marshall  sandstone  in  Huron  County, 
?irhere  large  quantities  of  fresh  water  are  found,  though  perhaps  this 
jourc^  would  need  to  be  restricted  to  supplies  for  drinking,  leaving  the 
factories,  lawns,  and  fire  protection  to  be  supplied  from  the  bay  water. 
It  will  also  be  feasible  to  pipe  water  from  the  headwaters  of  Tittaba- 
vrassee  River,  a  scheme  suggested  by  Superintendent  Dunbar  of  the 
Ba}'  City  waterworks.  There  does  not  appear  to  be  an  adequate  sup- 
ply of  fresh  water  obtainable  either  from  the  glacial  deposits  or  the 
rock  in  wells  within  the  limits  of  the  city  or  on  its  immediate  borders. 

SAGINAW  BAY    DRAINAGE     BASIN     SOUTH    OF     BAY 
AND  ISABELLA  COUNTIES. 

By  Charles  A.  Davis. 

INTRODUCTION. 

LOCATION  ANI>  «OrNl>AKIES. 

The  district  covered  by  this  report  forms  a  considerable  part  of  one  of 
the  physiographic  units  wliich  make  up  the  Southern  Peninsula — 
namely,  the  drainage  basin  of  Saginaw  Bay.     It  includes  Midland 
Couilty  and  coimtie.s  lying  south  of  Isabella  and  Bay  counties.     The 
natural  boundaries  of  this  area  are,  in  general,  moraines  left  by  tlie 
Saginaw  lobe  of  the  last  ice  sheet  as  it  melted  back  into  vSaginaw  Bay. 
From  an  inspection  of  the  map  of  the  State  showing  the  stjeanis  it  is 
seen  that  the  district  under  discussion  inchides  the  western  part  of 
Sanilac  County,  all  of  Tus(!ohi,  all  of  Lapeer  excej)t  a  small  part  of  the 
eastern  side,  the  northern  lialf  of  Oakland,  the  northern  half  of  Liv- 
ingston, the  northeast  half  of  Shiawassee,  all  of  (iones(»e  and  Saginaw, 
and  the  larger  part  of  Gratiot  County. 

phvsi<h;i{Apiik'  fkaturks. 

Abrief  account  of  the  j)]iysiograj)hi('featuresof  this  region  will  make 
plain  hs  peculiarities  of  water  supply,  and  especially  the  infrequency 
<^f  flowing-well  areas  in  some  parts  and  relative  fretpieney  in  othei*s. 

There  is  a  close  relation  between  the  develo])nient  of  the  ilowing- 
^'^11  areas  and  the  pliysieal  features  of  the  region. 

The  borders  of  the  ;rreater  part  of  the  district  are  rather  rough  and 
Mly,  with  more  or  less  w(»Il-de(ine(l,  but  freipiently  ill-drained,  valleys. 
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In  other  words,  the  bordering  divide  of  the  district  is  made  upofi 
scries  of  well-marked  ridges  of  tJ:Iacial  origin,  with  valleys  which  repre- 
sent either  times  of  rapid  melting,  channels  which  originally  carried 
off  the  water  from  the  front  of  the  melting  ice,  or,  more  rarely,  preex- 
isting valleys  which  were  occupied  by  ice  masses  that  persisted  until 
masses  around  them  melted. 

The  width  of  this  hilly  area  is  greatest  in  the  southern  and  eastern 
parts  of  the  district,  where  also  the  hills  are  more  prominent  and  the 
valleys  broader.  It  is  very  narrow^  and  the  ridges  scarcely  noticeable  in 
the  region  extending  from  Owosso,  in  Shiawassee  Count}',  northeasterly 
into  Gratiot  County,  where  the  divides  between  the  headwaters  of  the 
streams  ninning  into  Lake  Huron  through  Saginaw  Bay  and  those 
tributary  to  Lake  Michigan  are  so  flat  in  places  as  to  be  occupied  by 
swamps. 

Passing  from  any  part  of  this  outer  rim  of  the  drainage  basin  of  Sagi- 
naw Bay  toward  the  bay  one  usually  traverses  a  number  of  ridges  of 
successively  lower  height,  with  intervals  of  gently  sloping  plain,  upon 
which  are  more  or  less  exteitsive  and  continuous  lines  of  low  sand 
ridges.  The  plain  is  slightly  undulating  in  places,  but  in  the  main 
gives  a  definite  impression  of  being  very  flat  and  featureless.  In  it 
the  valleys  of  the  streams  are  narrow  and  shallow,  w^ith  steep  sides,  and 
the  streams  themselves  are  generally  sluggish  and  their  waters  muddy. 
Much  of  this  basin  is  an  old  lake  bottom  covered  by  the  w^atersfrom 
the  meriting  ice  impounded  between  the  front  of  the  ice  and  the  border- 
ing rim  of  the  basin  at  the  level  of  the  lowest  point  on  the  rim  that 
could  serve  as  an  outlet. 

The  sandy  ridg(»s  wliich  occur  u])on  it  are  shore  lines,  marking 
various  stag(\s  or  halts,  longer  or  shorter,  in  the  subsidence  of  the 
temporary  body  of  water.  There  are,  therefore,  two  distinct  tvpe^ 
of  territory  covered  by  this  investigation,  the  hill  and  valley  type  and 
the  flat  or  slightly  undulating  ])lain. 

T]i(M)reti('al  considerations  would  provide  for  flowing  wells  oftener 
in  hilly  districts  than  in  plains,  because  conditions  under  which  flows 
(H'CMV  are  more  coinniou  in  this  type  of  country.  Such,  however,  does 
not  seem  to  1)0  the  casc^  in  the  an^a  under  discussion,  for  the  larger 
llowing-wcll  areas  and  the*  larger  number  of  wells  exist  in  the  plain 
and  not  always,  by  any  means,  in  the  vicinity  of  the  ridges. 

This  is,  however,  due  to  s(»veral  easily  determined  reasons,  not  the 
least  of  which  is  [)urely  ac'cidental  and  in  no  way  connected  wuth  causes 
which  do  or  do  not  produce  (lowing  wells.  Flowing  wells  are  better 
developed  on  the  plains  than  in  rolling  districts,  for  the  simple  reason 
that  the  farm  buildings  in  the  rolling  districts  are  generally  placed  on 
the  higher  land,  often  on  the  to[)s  of  the  hills,  uidess  the  valleys  ftf® 
very  broad  and  well  drain(»d,  and  in  this  general  location  the  wells  a^e 
above  the  level  to  which  artesian  water  will  rise.     Farmers  often seei^^ 
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lindful  of  the  fact  that  the  water  table  is  farther  from  the  surface 
he  top  of  an  elevation  than  it  is  on  the  bordering  lower  ground  if 

water-bearing  material  is  of  the  same  character  throughout  the 

^. 

F  the  water  is  in  a  bed  of  coarse  material,  such  as  sand  or  gravel, 

this  lies  between  much  less  permeable  beds  or  deposits,  all  running 
n  the  top  of  a  hill  to  the  bottom,  the  water  at  the  top  of  the  eleva- 
L  ^^411  have  less  tendency  to  rise  in  the  well  than  it  will  halfway 
rn  the  slope  or  at  the  bottom. 

[oreover,  the  supply  will  be  much  more  easily  exhausted  in  a  well 
r  the  top  than  near  the  bottom  of  the  slope  or  in  the  valley  bottom, 
it  is  to  the  valley  that  the  water  of  the  entire  bed  is  passing.  In 
3  there  is  pressure  enough  to  create  artesian  or  flow  conditions  the 
(1  is  greatest  at  the  valley  bottom,  and  there,  if  anywhere,  flows 

be  obtained.  Thus  the  location  of  farm  buildings  on  the  high 
[Is  tends  to  discourage  the  exploration  of  lower  ground  for  water, 
1  many  places  in  which  good  flows  might  in  all  probability  be 
ired  remain  untested,  while  the  owners  of  the  land  pump  all  the 
:,er  which  they  use  from  considerable  depths, 
n  the  lake  plain,  on  the  other  hand,  the  building  sites  are  not  usu- 
^  elevated  much  above  the  general  level,  and,  if  flowing  wells  are 
nd  at  all,  the  area  is  frequently  fully  explored  and  thoroughly 
•^eloped. 

Vside  from  the  above  considerations,  the  different  origin  of  the  sur- 
e  deposits  in  the  two  districts  nuist  be  taken  into  account.  In  the 
^ed  district  the  coarse  and  fine  materials  are  interbedded  about  as 
y  were  deposited  by  the  melting  of  the  ice  which  brought  them  to 
'  place  where  they  occur  and  are  either  eiitirely  unsorted  or  incom- 
tely  sorted,  with  coarse  rock  fragme  Us  usually  present  in  great 
undance.  As  a  consequence,  water  can  find  its  way  into  the  soil 
idily,  and  usually,  also,  into  beds  of  sand  or  gravel,  in  which  it  may 
stored  and  from  which  it  is  given  up  readily  to  wells.  In  the  lake 
lin,  which  was  developed  under  water,  the  surface  deposits  have 
pu  thoroughly  sorted,  the  coarse  material  usually  being  left  in  the 
ttonis  of  the  valleys  draining  into  the  ])lain  a!id  the  finer  sands  or 
ivs  being  carried  to  the  lower-lying  parts  of  the  plain,  where  there 
IS  deep  still  water.  Such  materials  are  slow  to  take  up  water  and 
r\*  slow  to  give  it  up,  and,  in  general,  in  this  region  there  are  few 
arse  beds  near  the  surface  tonn-eive  the  water.  Those  which  do  occur 
?ni  generally  thin  and  of  small  extent,  so  that  the  water  is  easily 
hausted.  Hence  tlie  average  well  is  deeper  and  the  water-l)earing 
ds  are  more  fully  exploretl  in  tin*  plai-  than  in  the  ridged  districts, 
id  if  flows  can  be  had  the  fact  is  more  likely  to  he  known  and  the  area 
lly  developed . 
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The  head  of  flowing  wells  is  likely  to  be  less  in  the  plain  than  in  d» 
ridged  areas,  since  the  differences  in  surface  level  are  generally  slight, 
and  unless  it  is  assumed  that  the  beds  containing  the  water  are  widfr 
spread  and  continuous  for  long  distances  (many  miles  in  some  cask) 
the  head  must  be  derived  from  the  slight  elevations  or  slopes  which 
do  occur,  but  which,  because  of  the  friction,  can  not  give  much  pres- 
sure. Even  here,  also,  the  head  is  strongest  at  the  bottoms  of  depres- 
sions, and  frequently  it  is  in  valleys  alone  that  flows  can  be  obtained. 

WELLS. 

TTFEB  OE  WELLS. 

In  each  of  these  types  of  coimtry  several  kinds  of  wells  are  in  use, 
but  certain  types  may  be  considered  fairly  characteristic  of  each.  In 
the  ridged  districts  dug  and  walled  wells  of  the  basin  type  are  most 
common.  This  is  due  to  the  ease  with  which  water  is  found  ne^u'the 
surface,  to  iho  abundance  of  stone  for  walling  up  the  basin,  and  to  the 
difTicidty  which  often  arises  in  getting  enough  water  from  the  bored  or 
tubular  wells.  Wells  of  the  bored  type  are  usually  difficult  to  put 
down  in  these  districts,  because  of  the  bowlders  present  in  the  soil. 
Drilling  and  driving  are  frequently  hindered  by  the  same  cause.  Since 
dug  wells  with  open  basins  are  always  more  in  danger  of  contamina- 
tion from  surface  draiiuige,  those  with  iron  tubes  are  coming  into  use. 
These  are  to  he  preferred,  and  when  a  well  has  been  dug  do^^Ti  to  a 
good  strong  supply  of  water  it  is  possible  to  convert  it  from  a  dug  weB 
into  a  tubular  one,  whicli  will  furnish  plenty  of  water  by  inserting  the 
proper  l(Migt]i  of  i)ipe,  with  or  without  a  strainer, and  filling  in  around 
it,  first,  with  rleaii  cobble  stimesor  coarse  gravel  for  3  feet  or  more, 
tli(^n  witli  fmov  gravel,  which  should  be  carefidly  tamped  down,  and 
then  with  sand,  ending  with  a  few  loads  of  clay  at  the  top.  Such  a 
well  (l()(»s  not  need  curbing  and  is  generally  guarded  against  contami- 
nation if  the  work  is  ])roperly  (lone  and  clean  materials  are  used  in 
filHug  in  around  the  tube.  Other  tyj)es  are  the  cemented  well,  the 
drain-tiled  well,  the  timbered  w(^ll  (which  is  especially  bad  and  pn)b- 
ably  now  not  common),  and  the  bored,  driven,  or  drilled  wells.  Flow- 
ing wells  are  usually  of  the  tubular  construction.  In  the  plain  the 
most  frecpient  type  is  the  tubular  well.  Apparently,  this  is  due  to 
the  facts  that  permanent  sup])li(*s  of  \vater  are  not  found  near  the 
surface  and  that  in  many  cases  tubular  wells  are  easily  put  downbv 
boring.  Along  sand  ridges  and  in  othc^r  sandy  areas  in  and  bordering 
on  the  lake  ])lain  shallow  dug  wells  are  in  general  use  and  constitute 
an  important  source  of  supply  for  farm  and  house  use. 

]{ock  wells  also  are  more  fre(juent  in  the  j)lain  than  they  are  among 
lh(>  ridges,  largely  because  of  the  greater  depth  of  rock  in  the  latter 
region,  but  also  because  of  difficulty  with  which  water  is  obtained 
above  the  rock  surface  in  parts  of  the  plain. 
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y  a  small  proportion  of  the  wells  in  the  regions  here  discussed 
ly  flow,  and  in  areas  where  flows  are  known  to  occur  the  num- 

wells  requiring  pumps  is  often  larger  than  the  number  of  flow- 
*lls.  This  is  due  to  several  causes,  among  which  are  the  foUow- 
1)  The  occurrence  of  good  supplies  of  water  above  the  water 
from  which  flows  come.     (2)  Location  of  the  mouth  of  the  well 

the  level  to  which  water  will  rise.  (3)  Irregularities  in  per- 
il ty  and  thickness  of  the  water  beds  from  which  the  flows  come, 
it  water  is  not  yielded  with  equal  readiness  from  all  parts  of 
(4)  Ijocal  development  of  ''hardpan"  or  impermeable  cap- 
;tratum,  so  that  flows  are  to  be  had  only  locally.  (5)  Driving 
pe  beyond  and  casing  off  the  water  by  the  driller  through  care- 
ss. This  latter  may  be  due  to  accident  or  to  wilful  cheating  by 
lest  drillers.     (6)  The  shutting  off  of  the  flow  by  raising  the  cas- 

high  that  water  will  not  run  from  it.  This  is  sometimes  done 
:ape  the  necessity  of  disposing  of  the  waste  water.  (7)  The 
T  cost  of  shallow  wells  compared  with  deep  ones,  and  some 
tainty  of  getting  a  flow  tends  to  restrain  residents  from  trying 

them. 

wing  wells  occur  in  129  districts,  distributed  as  follows:  Oak- 
}oimty,  northwestern  part,  4;  Lapeer  County,  including  those 
sed  by  Leverett,  9  (2  from  rock);  Genesee  County,  15;  Living- 
Jounty,  5;  Shiawassee  County,  5;  Gratiot  County,  21  (rock  flows 
•t  of  2  of  these);  Midland  County,  7  (including  rock  flows); 
i\v  County,  12  (not  including  rock  flows);  Tuscola  County, 
)  from  drift). 

this  list  flows  from  rock  are  of  small  consequence  except  m 
la  County,  and  about  one-half  the  number  in  Tuscola  County 
ift  flows,  many  of  which  are  within  areas  of  flowing  wells  from 
»d  rock.  Saginaw  County  would  have  a  larger  number  if  the 
of  flows  from  bed  rock  were  included  in  tliis  list. 

UTILIZATION  OF  FLOWING  WELLS. 

ften  seems  that  there  is  too  little  a])preciation  of  the  possibilities 

ving  wells,  for,  beyond  tlie  rather  frequent  use  of  the  waste  for 

g  in  dairies  or  milk  houses  aiul  its  rather  rare  use  for  irrigating 

ns  or  grass  plots,  little  utilization  is  jnade  of  the  great  volumes 

ter  which  many  ilowiiig  wells  jxjiir  out.     Some  additional  uses 

occur  to  the  writer  are  the  following:  (1)  Its  more  frequent 

irrigate  lawns  and  gardens.     Tliis  could  often  l)e  arranged  l)y 

ling  a  hose  to  the  outlet  of  the  well  or  by  dividing  the  flow  l)y 

>e  of  underground  pipcv^^,  as  is  occasionally  done  to  conduct  the 

of  a  well  to  some  distant  building.      (2)  As  source  of  supply 

li  and  ice  ponds.     Near  Midland  and  at  a  few  other  points  such  j| 

I  have  been  constructed  and  not  only  pay  the  owners  W^qIy  felB 


. 
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the  invcstiiioiit  but  add  materially  to  the  beauty  of  their  fanns. 
TJio  ponds  are  simple  in  construction  and  are  apparently  not  expo- 
sivo  to  build.     Carp  and  other  fish  flourish  in  them,  and  the  ice  from 
th(Mn  is  of  nmch  jrroater  purity  than  that  from  rivers.     (3)  To  fill  ro- 
orvoirs.    Most  farms,  where  there  are  flowing  wells,  are  without  any 
protection  ajrainst  fire  except  the  small  amount  furnished  by  tb 
water  lield  in  the  tanks  at  the  wells.     A  large  cistern  or  even  an  old 
dug  well  could  l)e  kept  full  all  the  time  by  turning  the  waste  water 
through  it.     (4)  By  the  use  of  a  water  motor,  where  the  head  is  suffi- 
cient, the  water  could  be  automatically  pumped  from  the  welltotbe 
house  or  barn  of  the  owner  and  tlien  stored  in  tanks  and  all  of  the 
benefits  of  a  waterworks  system  be  enjoyed  in  both  places,  provided 
tlie  tanks  were  placed  high  enough  to  give  pressure.     (5)  By  the  use 
of  a  hydraulic  ram,  which  is  less  expensive  than  a  motor  and  very 
efiicient,  even  with  a  very  small  flow  and  slight  head  (2  feet  or  more), 
the  punij)ing  could  be  done  more  cheaply  and  the  water  of  flows  at  a 
considora})l(*  distance  could  be  forced  to  the  buildings.     This  means 
of  pumping  seems  to  have  been  entirely  overlooked  by  the  farmers 
tlirougbout  the  region  visited,  and  if  used,  would  solve  many  problems 
relating  to  water  supply. 

LOSS  OF  HEAD. 

Loss  of  head  in  flowing  wells  in  the  region  may  be  due  to  overdevel- 
opment in  a  given  l)asin,  cither  by  sinking  too  many  wells  or  by  unwise 
distribution  of  wells,  or  by  allowing  wells  to  flow  freely;  leaks  caused 
by  sj)litting  tlie  casing  in  driving  (a  defect  that  is  in  some  cases  not 
apparent  for  some  time):  leaks  caused  by  nisting  of  the  casing; 
water  rising  around  the  casing  because  of  imperfect  driving;  fine  sand 
iilling  the  bottom  of  the  casing;  filling  at  the  bottom,  by  caving  from 
th(^  sides  wliere  the  casing  is  incomplete:  obstructions  put  in  at  the 
to{)  of  the  cjising;  clogging  of  the  stranier  on  the  point:  drought  in  the 
catchment  area;  excessive  draining  of  the  surface  of  the  catchment 
area;  or  subsurface  drainag(\ 

OVKRDKVKLOPMKNT. 

This  consists  of  putting  down  wells  until  the  continued  outflow  i^^ 
gr(»at(M*  than  the  amount  of  water  wliich  flows  into  the  water-bearing 
strata  from  all  sources,  and  iho  loss  of  head  which  invariably  follows 
is  directly  due  to  useless  waste  in  most  cases.     In  a  ccmsiderable nui^' 
ber  of  places  it  was  reported  that  there  had  been  a  gradual  loss  ^' 
licad  or  tliat   some  wells  had  ceased  to  flow,  as  the  area  had  b^^^ 
fully  developed.     In  many  cases  it  was  said  tbat  wells  had  cea5^^ 
flowing  wh(»n  others  were  put  down  on  lower  ground  near  by. 

ThvYo  is  no  absolute  remedy  for  this,  but  it  is  evident  that  a  re^ 
sonable  us(»  and  ccmservation  of  the  supply  of  a  given  area  will  allo"^ 
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ly  more  to  use  the  supply  and  prolong  the  period  of  use.  The 
est  and  cheapest  method  of  conserving  the  supply  is  to  reduce  the 
of  the  outflow  pipes  to  such  a  diameter  that  the  owner^s  needs 
satisfied  without  great  waste.  The  use  of  cocks  or  valves  is  to  be 
►mmended  in  some  case^  where  there  is  no  danger  of  the  well  silt- 
up.  Wooden  plugs  with  small  holes  bored  through  them  are 
3tive  and  ver>'  quickh^  and  cheaply  provided.  The  need  of  intelli- 
t  means  of  checking  overdevelopment  and  waste  was  observed  in 
rly  ever\'  part  of  the  region  covered  by  this  investigation.  At 
la  there  was  considerable  discussion  regarding  the  advisability  of 
iring  legislation  to  prevent  further  deterioration  of  the  supply. 
5t.  Louis  the  flowing  wells  of  most  private  owners  were  stopped  by 
public  wells,  but  after  these  were  abandoned  they  were  not  prop- 
'  P'^igg^^j  ^^^  some  at  least  are  still  flowing  and  keep  the  head 
nanently  low. 

LEAKS    CAUSED    BY    SPLITTING   THE    CASING. 

lie  splitting  happens  when  the  casing  is  being  driven,  but  the 
ilts  are  not  apparent  for  some  time  after  this,  because  it  takes 
e  for  the  water  to  make  a  passage  for  itself  through  the  ground, 
ler  to  the  surface,  or  to  some  stratum  into  which  it  can  flow.  The 
y  remedy  is  to  pull  the  casing  out  and  replace  the  split  pipe  with  a 
i  section. 

LEAKS    CAUSED    BY    RUSTIXG    OF    CASING. 

These  leaks  occur  in  wells  wliich  liave  been  down  a  long  time,  espe- 
lly  where  1-inch  or  1  J-inch  l)lack  pipe  was  used  for  casing.  The 
ks  frequently  occur  so  near  the  surface  that  the  water  finds  its  way 
around  the  casing  and  makes  the  trou})le  known.  The  use  of 
vanized  pipe  and  of  large-sized  pipe  witli  thick  walls  will  prob- 
y  prevent  this  sort  of  trouble  for  a  very  long  time.  The  drift 
ters  contain  so  much  dissolved  carlxni  dioxide  that  they  have  a 
rked  corrosive  effect  upon  unprotcn^ted  iron. 

LMPEKFKCT    l)UIVIN(;. 

Phis  is  a  frequent  cause  of  the  loss  of  liead  in  shallow  wells  of  the 
ed  or  driven  type.  Tlu*  pipe  is  not  driven  straight,  and  in  trying 
get  it  right  the  strata  above  the  water  hecoines  sufliciently  dis- 
hed for  the  water  to  fmd  a  way  to  tlie  surface  and  thus  less  goes 
ough  the  casing.  This  condition  may  sometimes  be  remedied  by 
aping  clay,  then  cement,  around  the  ])ipe  where  it  comes  from  the 
'imd.  The  clay  alone  will  sometim(\s  he  suflicient,  if  a  considerable 
ckness  is  used.  In  case  the  l(»ak  is  a  very  large  onc^  some  heavier 
terial  like  cobble  stones  may  be  used  first,  and  the  clay  put  over 
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In  some  areas  trouble  with  fine  sand  was  reported,  as  at  Orton- 
ville,  where  the  sand  was  so  fine  that  a  sand  screen  could  not  beusei 
In  several  areas  where  the  water-bearing  strata  were  coarse,  there 
was  often  enough  fine  material  in  them  to  fill  up  gradually  the  lower 
part  of  the  casing  or  the  pomt  when  this  was  present.  Sand  pump- 
ing is  the  usual  remedy  for  this  trouble,  and  was  reported  as  fairiy 
cheap  and  satisfactory. 

CAVING    IN    AT   THE    SIDES. 

In  the  Ortonville  and  Davison  areas,  and  in  other  districts  where 
the  clays  over  the  water-bearhig  beds  are  sufficiently  compact,  many 
of  the  holes  are  not  cased  beyond  a  single  length  of  the  pipe.  Such 
holes  sometimes  break  down  at  the  sides,  the  debris  stopping  or 
reducing  the  fiow.  Such  accidents  may  be  repaired  by  reaming  out 
the  hole,  but  usually  a  new  well  is  sunk. 

OBSTRUCTIONS    PUT    IN    AT   TUE    TOP   OF   THE    CASING. 

A  few  cases  came  to  notice  where  children  had  put  pebbles  and 
other  obslnictions  in  the  pii)e  where  flows  were  small,  with  the  result 
that  they  \v(Te  still  further  reduced  or  entirely  stopped. 

CLOO(;IN(}    OF   THE    STRAINER   ON    THE    POINT. 

This  is  a  subject  to  which  the  writer  has  given  particular  attention. 
The  clogging  is  found  to  hap])en  in  three  ways:  (a)  By  the  gradual 
accumulation  of  fini^  silt  or  sand  in  the  meshes  of  the  strainer  and  in 
tlic  point  itself,  so  that  the  water  can  no  longer  find  its  way  into  the 
pipe,  (h)  By  the  breaking  of  the  screen  during  driving  and  subse- 
quent filling  of  tlu^  point  with  sand  or  silt,  (c)  By  the  incrustation 
of  (he  strainer  by  chemical  precipitation. 

Cluiractir  of  fucrnsfaiion.  Of  these,  the  first  two  can  usually  be 
reniedied  by  sand  pumping.  The  third  is  of  such  importance  that  it 
n(M'ds  furthc^r  investigation,  but  deserves  notice  here,  in  order  that 
attention  of  other  observers  may  ]>e  called  to  it.  The  ''point"  of  the 
well  tub(»  is  a  section  of  galvanized-iron  pipe,  from  2  to  4  feet  in 
length,  and  of  the  same  dianiet(M-  as  the  casing  of  the  wall,  in  which 
holes  a  fourth  of  an  inch  or  more  in  diameter  are  bored  at  frequent 
intervals.  The  lower  end  is  provided  with  a  solid  conical  point,  the 
upper  with  a  thread,  all  except  the  point  is  covered  with  brass-wire 
gauze,  liaving  ()()  meshes  per  linear  inch  for  ordinarv^  sands  and  gravel 
and  80  or  100  meshes  for  liner  (piicksands.  Outside  this  gauze  jacket 
is  a  protecting  sheet  of  perforated  brass  to  keei)  the  gauze  from  injur}' 
while  being  driven.  It  was  found  on  iiupiiry  among  well  drillers  that 
in  some  tubular  wells  in  the  drift,  both  flowing  wells  and  pump  welb? 
in  which  these  points  were  used,  the  strainers  l^ecome  "corroded* 
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er  a  longer  or  shorter  time,  varying  even  in  the  same  locality,  and 
water  was  to  be  had.  Inquiry  as  to  the  nature  of  the  corrosion 
led  to  bring  forth  any  satisfactory  description  of  it  or  of  the  appear- 
ce  of  the  strainer  after  it  was  corroded,  but  all  agreed  that  the  only 
nedy  was  to  pull  the  pipe  out  and  take  the  old  strainer  off  and 
)lace  it  with  a  new  one.  Efforts  to  secure  one  of  the  corroded 
int«  were  finally  successful  through  the  kindness  of  Mr.  H.  Chivers, 
Alma,  a  driller  of  much  experience  in  putting  down  tubular  wells 
the  drift,  who  furnished  a  ''corroded''  point  from  a  pump  well  62 
t  deep,  which  had  been  in  use  four  or  five  years,  and  in  which  the 
■ter  stood  at  about  12  feet  below  the  surface.  In  this  well  the 
,ter  came  from  fine  gravel  mixed  with  sand.  It  took  but  a  glance 
establish  the  fact  that  the  point  was  not  corroded,  but  incrusted 
a  dense  coating  of  mineral  matter  which  not  only  had  filled  up  the 
jshes  of  the  fine  wire  gauze  but  also  had  covered  the  outer  pro  tec  t- 
l  sheet.  This  coating  was  firm,  hard  though  easily  scratched  with 
aiife,  compact,  of  a  bluish  or  grayish-white  color,  and  in  some  places 
nillimeters  or  more  thick  but  not  uniformly  spread  over  the  entire 
rface.  It  was  so  firmly  attached  to  the  metal  that  it  generally 
iisted  the  severe  scraping  which  it  received  while  being  pulled  from 
e  ground,  and  was  not  easily  scaled  off,  even  when  dry.  Upon  the 
ver  part  of  the  strainer,  where  the  incrustation  was  thickest,  large 
mbers  of  sand  grains  and  small  pebbles  were  cemented  to  the  sur- 
ic.  Upon  the  upper  part  of  the  strainer  the  coating,  while  thinner 
d  rather  fragile,  was  still  effective  in  closing  the  meshes  of  thescreen. 
some  places  it  was  browTiish  red  (from  the  presence  of  iron),  and  in 
hers  dark  bluish  gray. 

Composition  of  inci'ustation. — A  qualitative  analysis  of  the  incrust- 
g  material  showed  that  it  was  principally  calcium  carbonate  mixed 
th  fine  silt  and  containing  iron  in  small  quantities.  It  dissolved 
TV  readily  in  acids  with  effervescence,  and  it  is  probable  that 
crusted  points  could  be  quickly  freed  from  the  coating  by  painting 
th  dilute  muriatic  acid.  It  might  also  be  feasible  to  devise  some 
iy  of  dissolving  this  coating  off  without  drawing  the  pipe  out  of  the 
ound,  since  the  solubility  is  so  great. 

The  incrustation  was  noticeably  heavier  at  the  bottom  of  the 
cainer  than  it  was  above,  and  even  extended  down  on  the  cone  at  the 
(1.  This  greater  thickness  may  be  (lu(»  to  the  fact  that  only  that 
rt  of  the  point  and  strainer  penetrated  the  water-bearing  stratum 
(1  that  only  that  part  which  was  in  water  was  heavily  coated. 
Manner  of  coating. — A  study  of  the  wire  gauze  under  a  hand  lens 
ade  it  apparent  that  the  deposit  was  at  first  laid  on  around  the  wires 
d  as  it  increased  in  tliickn(\ss  the  openings  of  the  mesh  were  filled 
id  the  deposit  thus  formed  was  tlien  coated  over  by  later  deposition, 
is  evident  that  with  a   lOO-niesh  (linear  to  an  inch)  screen  tho 
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deposit  upon  the  wires  has  only  to  be  one  two-hundredth  of  an  inch  a 
thickness  to  practically  close  the  opening. 

Cause  of  the  deposit — The  deposition  was  due  to  some  chemicil 
action,  which  apparently  released  the  calcium  carbonate  from  solutioB 
or  decomposed  the  bicarbonate  of  calcium,  probably  the  latter,  free- 
ing the  carbonic  acid  and  precipitating  the  calcium  as  monocarbonate 
upon  the  metal.  This  would  be  natural  if  the  metal  showed  any 
(effects  of  the  action  of  the  acid  upon  it,  but  none  could  be  discovered 
in  the  material  at  hand.  The  suggestion  also  was  made  that  ihm 
was  a  feeble  electrolytic  action  set  up  by  the  contact  of  the  brass  and 
the  zinc  coating  to  the  iron  pipe,  or  to  the  iron  itself,  and  this  is 
somewhat  the  more  worthy  of  investigation,  since  there  is  on  the  ma^ 
ket  the  Walker  sand  screen  for  large-sized  tubular  weUs,  which  is 
entirely  constructed  of  brass  and  which  is  reported  to  keep  entiidj 
free  from  incrustation,  even  in  water  where  the  brass  and  iron  sciem 
soon  coat  over  and  stop  the  inflow. 

Importance  of  incrustation. — In  the  course  of  the  season's  work  it 
became  apparent  that  in  a  region  where  the  drift  is  an  important 
source  of  water  supply,  incrustation  may  become  a  very  important 
cause  of  the  diminution  or  entire  loss  of  water.  In  single  cases  the 
cost  of  repairing  and  restoring  a  well  is  not  great,  but  in  the  aggre- 
gate the  loss  to  the  persons  depending  upon  tubular  wells,  in  both  1 
money  and  time  consumed,  must  be  very  great.  Moreover,  towns 
depending  on  this  type  of  wells  for  their  public  supply  may  find  it 
failing  and  attribute  this  to  some  irreparable  cause  and  abandon  the 
wells  entirely  or  go  to  the  expense  of  putting  down  new  ones  when  this 
cause  is  alone  responsible.  At  St.  Louis,  Mich.,  the  wells  were  aban- 
doned when  they  began  to  fail,  and  the  water  now  in  use  is  pumped 
from  Pine  River.  At  Holly  a  new  set  of  wells  was  being  drilled,  in 
part  at  least,  because  the  old  ones  were  so  nearly  stopped  up.  At  Ann 
Arbor  the  tubes  of  some  of  the  wells  have  been  pulled  out  and  the 
strainers  removed  and  others  abandoned.  At  Owosso  several  of  the 
wells  of  the  city  waterworks  were  reported  to  be  out  of  commission 
for  no  known  reason  unless  from  this  cause.  They  had  ceased  to  yield 
water  and  had  been  abandoned.  These  instances  might  be  multi- 
plied, but  it  is  evident  that  the  whole  matter  of  the  formation  of  such 
deposits  needs  careful  study. 

DROITCJHT    IN    THE    CATCHMENT   AREA. 

This  is  a  very  effective  cause  of  failure  in  districts  where  the  devel- 
opment of  wells  of  a  given  area  is  so  great  that  the  amoimt  of  water 
used  by  them  is  nearly  equal  to  the  amount  sent  into  the  water-bear- 
ing stratum  from  the  catchment  area.  A  slight  decrease  in  the  rain- 
fall affects  the  supply  of  the  whole  area  very  quickly,  the  head  being 
lowered  so  that  the  wells  may  cease  flowing  entirely,  either  for  a  long 
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nod,  where  there  is  a  prolonged  drought,  or  simply  during  the  dry 
tson  of  the  year.  In  Midland  County  a  number  of  wells  were 
>orted  to  stop  flowing  each  summer,  unless  the  season  was  a  very  wet 
B.  In  Genesee  County,  near  Flint,  was  a  well  which  showed  marked 
ctuations  in  level  according  to  the  rainfall.  Many  other  cases 
ght  be  cited. 

SURFACE   DRAINAGE    IN   THE    CATCHMENT   AREA. 

The  effe<5ts  of  surface  drainage  are  certain  to  make  themselves  felt 
the  near  future,  if  they  have  not  done  so  already.  The  last  few 
ars  has  witnessed  an  immense  amoimt  of  ditching  to  cany  oS  the 
rface  waters  and  of  drain  laying  to  remove  quickly  the  subsurface 
iters  which  may  interfere  with  certain  crops.  The  effect  is  to  so 
pidly  carry  off  the  water  of  rain  and  snowfall  to  the  rivers  that, 
cept  in  very  sandy  soils,  but  httle  gets  into  the  groimd.  As  a 
5ult  the  ground-water  level  must  be  gradually  lowered.  In  fact,  it  is 
•eady  much  lower  than  it  was  before  ditching  began,  and,  as  is 
»inted  out  in  several  places  in  this  report,  has  been  the  primary  cause 
the  extensive  use  of  deep  wells  to  reach  supphes  far  below  the  sur- 
ce  in  areas  where  formerly  abundant  water  was  to  be  found  near  the 
irface.  If  the  ditching  is  carried  much  farther,  the  rock  suppUes 
ren  may  be  affected  and  the  farm  owners  be  reduced  to  storing  rain 
ater.  A  remedy  for  this  threatened  danger  hes  in  more  intelligent 
lanning  of  drains,  such  as  following  the  contours  instead  of  crossing 
liem,  and  the  use  of  devices  to  hold  the  water  back  on  the  land  during 
?asons  when  it  can  do  no  harm  by  its  presence. 

SUBSURFACE    DRAINAGE. 

In  mining  operations  it  is  sometimes  necessary  to  pump  from  the 
hafts  enormous  amounts  of  water  or  to  drain  sand  and  gravel  beds 
^'hich  are  passed  through  in  sinking  shafts.  In  most  cases  such  beds 
umish  the  whole  or  part  of  the  water  used  by  the  people  of  the  region, 
Jid  the  result  of  the  draining  is  to  cause  either  entire  loss  of  supply,  as 
fhere  gravels  are  drained,  or  partial  loss  where  the  workings  enter 
vater-bearing  strata  at  some  distance  from  the  weUs.  Thus  the  coal 
iiines  in  Huron,  Saginaw,  and  Bay  counties  have  stopped  the  flows  in 
>  number  of  districts  of  rock  wells  wliich  formerly  used  to  flow  and  are 
^ported  to  have  drained  dry  considerable  areas  of  shallow  drift  wells. 
ho  same  thing  happens  locally  when  large  waste  from  flowing  wells 
n  low  ground  is  allowed  to  go  on  unchecked,  and  sometimes  where  for 
ome  manufacturing  purpose  largo  amounts  of  water  are  pumped 
fom  shallow  strata,  orwluTc  a  group  of  wells  is.  put  do\vn  for  public 
upply  and  is  pumped  sufliciently  to  affect  the  amoimt  of  water  in  the 
rater-bearing  strata  of  a  district  with  a  limited  catchment  area. 
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QUALITY  OF  WATEB. 

In  general,  all  watei-s  from  the  drift  are  hard,  but  in  varied  degree, 
some  iniich  more  so  than  others.  The  cause  of  hardness  is  the  pres- 
ence of  lime  or  calcium  salts,  usually  the  carbonate,  but  in  the  lake- 
j)lain  region  sometimes  the  sulphate  or  gypsum.  In  Midland  County 
the  drift  waters  from  the  deeper  wells  were  of  a  remarkably  low 
degree  of  hardness  when  compared  with  those  of  other  localities. 
These  hard  waters  usually  have  considerable  amounts  of  iron  pres- 
ent also,  sometimes  sufficient  to  give  reddish  scale  w^hen  evaporatd. 
Both  the  lime  and  iron  are  derived  much  more  abundantly  from 
clay  beds  than  from  sand,  lience  the  waters  drained  from  clays  are 
harder  than  those  drawn  from  sand.  The  calcium  and  iron  carbon- 
ates thus  derived  from  the  soils  are  usually  acidic  rather  than  nor- 
mal salts,  and  are  generally  accompanied  by  an  excess  of  carbonic 
acid,  wliich  when  the  water  is  exposed  to  the  air  at  normal  pressure 
and  temperature  soon  escapes  as  free  carbon  dioxid.  It  is  this  acid, 
and  not  the  iron  in  the  water,  which  attacks  and  destroys  unpro- 
tected iron  j)ipes  and  utensils  and  rusts  tinware  in  which  it  is  allowed 
to  stand.  The  rusting  in  the  case  of  the  tinware  seems  usually  to 
start  at  some  point  where  the  tin  coating  on  the  iron  is  thin  or 
broken  and  spreads  from  this  until  holes  are  dissolved  in  the  iron. 
The  use  of  so-called  galvanized  or  zinc-coated  pipe  and  utensils  or 
of  ^^ granite^'  ware  is  recommended  as  a  partial  protection  against 
loss  in  this  way. 

The  drift  waters  are  sometimes  saline,  but  not  to  a  marked  degree 
excei)t  in  a  few  areas  in  the  lake  i)lain.  It  is  probably  true,  how- 
ever, that  the  salt  content  of  the  waters  of  the  drift  in  the  district 
covered  by  this  report  is  abnormally  high,  because  of  the  great 
abundance  of  salt  waters  in  the  rocks  below  the  drift,  from  which 
they  escape  through  faults  or  other  fissures  or  abandoned  salt  welk 
More  rarely,  salt  may  have  been  retained  after  inchision  in  the  drift. 
(Compounds  of  magnesium  are  also  ])resent.  For  fuller  statements 
regarding  the  waters  of  the  drift,  the  reader  is  referred  to  the  sepa- 
rate accounts  of  the  various  areas. 

The  character  of  tlie  water  from  the  bed  rock  varies  with  the 
nature  of  the  rock,  but  is  usually  less  hard  than  that  from  the  drift. 
It  is  nearly  soft  (free  from  lime)  when  from  certain  sandstones, 
harder  from  shales,  and  very  hard  from  limestones  or  rocks  with 
calcareous  cement  or  from  gypsiferous  beds.  The  rock  water  in  cer- 
tain parts  of  tlie  lake-plain  district  is  liighly  salty  and  in  others 
brackish,  and  in  many  cases,  where  th(^  rock  from  which  it  comes 
is  a  shale,  magnesium  compounds  are  j)resent  in  considerable 
amount  and  may  give  well-marked  tastes  which  are  characteristic. 
In  case  the  water  comes  from  rocks  with  iron  pyrites  or  iron  sul- 
phide present  in  it  in  quantity  the  water  may  become  impregnated 
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h  hydrogen  sulphide,  a  gas  which  gives  the  characteristic  ''sul- 
iir"  odor  to  it,  and  is  particularly  prized  in  medicinal  waters. 
)in  the  change  of  the  pyrites  to  the  sulphate  of  iron  (copperas) , 
ich  may  occur  in  certain  cases,  the  water  may  acquire  an  astrin- 
it  taste,  which  is  not  uncommon  in  water  from  the  shales,  espe- 
lly  those  of  the  sub-Carboniferous  and  Carboniferous  formations. 
[t  may  be  stated  here,  however,  that  the  best  water  for  any  and 
uses,  except  the  manufacture  of  certain  chemical  compounds,  is 
it  which  is  free  from  mineral  matter  and  from  organic  matter, 
lile  small  quantities  of  gases  and  minerals  may  do  no  serious 
rm  in  water  used  for  domestic  purposes,  large  quantities  demand 
it  the  water  should  be  distilled,  if  possible,  for  drinking  purposes. 
Taken  as  a  whole,  both  the  quantity  and  the  quality  of  drift  as 
11  as  rock  waters  in  the  region  studied  are  excellent,  and  the  local 
?as  where  the  supply  is  not  adequate  or  the  quality  is  very  poor 
»  few  in  number  and  comparatively  small  in  extent.  The  natural 
iters  from  the  drift  and  rock  are  undoubtedly  wholesome,  and  it 
only  where  they  are  contaminated  from  the  surface  through  the 
edium  of  the  open-basin  type  of  well  or  through  careless  disposal 
sewage  that  they  become  the  cause  of  disease. 

WATER  SUPPLIES  OF  TUSCOLA  COUNTY. 

GENERAL  STATEMENT. 

The  report  on  the  water  resources  of  this  county  is  based  on  notes 
ithered  by  the  writer  for  the  Michigan  geological  survey,  made 
mailable  by  the  courtesy  of  State  Geologist  Alfred  C.  Lane,  who 
IS  kindly  placed  at  the  disj)osal  of  the  writer  these  notes  and  all 
her  material  bearing  on  the  question  in  the  records  of  the  Michi- 
m  survey.  With  this  are  a  small  amount  of  new  material  gath- 
ed  by  the  writer  in  a  two-days'  trip  into  the  more  recently  settled 
irts  of  the  county  at  the  end  of  tlie  field  season  of  1904  and  some 
ita  collected  by  correspondence  during  the  same  period  by  Mr. 
everett.*' 

TOPOGKAPIIY  AXl)  WATER  SUPPL.Y. 

Tuscola  County  is  siluatcMl  on  the  soutlieast  side  of  Saginaw  Bay. 
rom  the  level  of  the  hay  (ho  land  surface  rises  very  gradually  from 
-to  15  miles  to  the  foot  of  a  woll-inarkcd  niorainal  ridge  and  then 
.pidly  to  the  top  of  th(^  ridge,  which  is  from  50  to  125  feet  in  height 
id  from  1  to  3  or  nion^  miles  in  breadth.  Tliis  ridge  enters  the 
»unty  a  short  distance  west  of  the  northeastern  corner  and  runs 
agonally  nearly  across  il,  about  ])arallel  to  the  shore  of  the  bay, 

'A  more  oxtfiKlf'd  dist'ussidii  (.f  the  siiuio  siil)j«ct  will  bo  found  in  tho  forthconilng  bnllotin  of  the 
chigan  (Ipologicul  .Survey  »>t)  t)>i'  ifsfntrcrs  of  Tuscola  Coimty. 
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gradually  getting  lower  until  it  fades  into  the  plain  a  short  distance 
soutliwest  of  Vassar.  To  the  east  the  ridge  descends  abruptly  to 
Cass  River;  in  fact,  it  forms  the  western  boundary"  of  the  broid 
valley  in  wliich  this  stream  runs.  From  this  valley,  which  makei 
a  third  distinct  area  in  the  county,  the  land  ascends  on  the  eastern 
side  by  broad  terraces  to  a  sandy  plain  several  miles  broad,  from 
which  to  the  southeast  there  rises  sharply  a  massive  moraine  whick 
occupies  the  southeastern  part  of  the  county. 

The  soil  of  the  plain  is  principally  a  heavy  compact  clay  orclav-loam, 
with  narrow  ridges  and  broader  strips  and  areas  of  sand  or  sandy 
loam  winding  across  and  scattered  over  it,  while  that  of  the  morainal 
ridges  is  a  gravelly  clay,  or  even,  locally,  a  pure  gravel,  on  the  whole 
much  more  porous  than  the  clay  soil  of  the  plain. 

In  the  valley  the  surface  is  usually  covered  with  sand,  generally  of 
rather  shallow  depth,  but  frequently  piled  up  in  ridges  of  considerable 
extent  and  height,  and  the  same  condition  prevails  until  the  ridged  or 
morainal  district  to  the  southeast  is  reached.  Below  the  sand,«t 
varying  distances,  is  a  compact,  tough,  dark  clay.  In  a  few  places  the 
stream  cuts  downi  to  bed  rock,  which  is  generally  a  sandstone  where 
exposed. 

Corresponding  to  the  peculiarities  of  topography  and  soil  are  varia- 
tions in  the  ease  with  which  water  is  obtained,  the  quantity  obtainable, 
and  to  some  extent  the  quality.  In  the  lake-plain  district  (that  bor- 
dering upon  the  bay)  the  soil  is  too  fine  grained  and  too  compact  to 
])ermit  of  rapid  percolation  of  water,  and  the  clays  are  too  homoge- 
neous and  fine  throughout  to  furnish  water  in  large  quantity.  In  the 
morainal  districts,  on  the  other  hand,  the  surface  soils  are  gravelly 
and  much  more  porous  and  permeable,  while  below  the  surf  ace  strata 
of  sand  and  gravel  are  common,  easy  to  reach,  and  usually  contain  an 
al)uiidance  of  water.  Rarely,  in  the  higher  parts  of  the  southeastern 
district,  the  ridge  is  wholly  made  up  of  compact  clay  or  dry  gravel,  in 
which  case  it  is  necessary  to  seek  water  deep  down  in  the  drift  or  to 
drill  down  to  rock. 

Tlie  valley  of  Cass  River,  above  Va^ssar,  is  generally  so  sandy  that 
most  of  the  rainfall  is  absorbed  by  the  suriace  soil  and  soaks  rapidly 
through  to  the  clay,  which  lies  at  varying  distances  beneath.  The 
usual  supplies  in  this  area  are  obtained  from  wells  sunk  to  the  top  of 
tliese  underlying  clays  and  from  springs  which  appear  in  the  valleys 
of  streams  that  have  cut  through  the  rather  shallow  sand  into  the 
clay.  These  springs  result  from  the  water  running  along  on  the  sur- 
face of  the  clay  to  the  valley,  where  it  finds  an  outlet.  Below  Vassar 
the  conditions  are  less  favorable  for  the  absorption  of  the  rainfall? 
but  are  still  such  that  good  supplies  are  usually  obtainable  neartbe 
suriace. 
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LAKE-PLAIN  REGION. 

It  is  evident  from  the  foregoing  that  the  only  district  of  this  county 
wbere  there  is  any  especial  diflBculty  in  obtaining  a  supply  of  water 
tor  ordinary  domestic  uses  is  that  bordering  on  the  bay  and  lying 
l>etweenit  and  the  foot  of  the  central  morianal  ridge,  for  here  the  soils 
l>eing  very  fine  grained  are  not  absorbent,  and  have  few  coarse  layers 
^between  the  surface  and  the  bed  rock,  making  it  difficult  to  secure 
readily  an  adequate  supply  of  water. 

SOURCE  OF  WATER. 
SURFACE   WATERS. 

In  the  early  days  of  the  settlement  of  the  region  this  part  of  the 
county  was  covered  by  a  heavy  swamp  forest,  and  the  ground-water 
level  was  near  the  surface;  in  fact,  in  many  places  the  ground  was 
flooded  during  the  rainy  part  of  the  year,  and  especially  when  the  snow 
was  going  off  in  the  spring.     At  this  time  water  was  easily  obtained 
from  shallow  dug  wells.    As  settlement,  accompanied  by  clearing  and 
draining,  progressed,  more  and  more  of  the  rainfall  was  carried  rapidly 
away,  and,  as  a  natural  result,  the  ground-water  level  sank  until  the 
dug  wells  gave  out  or  were  deepened.     In  a  few  cases  they  were  car- 
ried down  nearly  a  hundred  feet.     Usually,  however,  they  were  deep- 
ened, not  by  digging,  but  by  boring  with  large-sized  well  augers,  4  to  8 
inches  in  diameter.     This  method  was  in  use  some  time,  but  it  was 
soon  found  that  in  many  areas  no  permanent  supply  of  water  could  be 
had  in  the  clays  above  the  bed  rock,  and  the  next  development  was  the 
driven  well, reaching  down  nearly  to  the  rock  surface,  where,  as  in  other 
parts  of  the  lake  plain,  a  fairly  satisfactory  supply  of  water  is  fre- 
quently to  be  found.     In  many  cases,  however,  conditions  seem  to 
have  been  unfavorable  for  storing  such  a  supply,  and  the  drilled  well 
in  the  rock  was  the  last  resort.     At  the  present  time,  since  the  region 
has  become  more  thickly  settled  and  the  system  of  drains  has  been 
largely  developed,  drilled  wells  reaching  down  considerable  distances 
into  the  bed  rock  are  the  usual  type  over  a  large  part  of  the  district. 

The  surface  waters,  as  they  are  termed — that  is,  those  which  are 
obtained  from  shallow  dug  wells — vary  in  quality  according  to  the  type 
of  surface  material,  whether  of  clay  or  sand.  The  clay  soils  were  origi- 
nally so  swampy  that  the  water  in  the  wells  of  the  old  dug-basin  type 
Was  never  looked  upon  with  favor,  and  was  probably  justly  condemned, 
astheconditions  were  all  in  favor  of  contamination  from  the  surface, 
and  the  waters  probably  were  frequentl}^  the  cause  of  disease,  espe- 
cially when  the  supply  was  diminished  l)y  drought. 

It  is  evident  that  the  original  swamp  soil  could  be  easily  infected  by 
disease  germs,  as  it  was  damp,  contained  large  amounts  of  organic 
matter,  and  was  easily  warmed  by  the  sun  in  the  summer  time*,  that  in. 
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flood  times,  which  were  frequent,  the  waters  from  cesspools,  drains, 
and  other  sources  of  infection  would  be  spread  over  the  ground  and 
might,  and  often  did,  find  their  way  to  the  wells;  and  that  in  diy 
times  cracks  would  open  up  in  the  clay,  on  account  of  shrinkage,  and 
through  these  water  from  the  contaminated  surface,  from  sinks  and 
otlier  drains,  and  often  from  privy  vaults,  could  find  a  way  to  the 
wells.  Under  such  conditions  it  is  not  diflScult  to  understand  that  the 
dug  wells  were  not  in  favor  in  the  clay  regions.  In  addition  to  these 
considerations,  it  must  be  taken  into  account  that  the  soil  contains 
much  finely  pulverized  limestone,  which  renders  the  wat^er  hard.  And, 
as  was  usually  the  case,  when  the  water  contained  considerable 
amounts  of  organic  matter,  iron,  as  well  as  lime,  was  dissolved  and 
gave  it  a  strong  astringent  taste. 

In  places  where  there  were  several  feet  of  sand,  however,  the  water 
of  shallow  wells  was  more  wholesome,  better  in  quality,  and  mow 
abundant ,  this  being  due  to  the  filtering  power  of  the  sand,  which  re- 
moves and  holds  near  the  surface  organic  matter  and  disease  germs,  to 
its  greater  }>ermeability,  and  to  the  scarcity  of  lime  and  iron  salts. 
Cracks  and  fissures  do  not  easily  develop  in  sandy  soils,  and  hence 
direct  channels  between  tlie  well  water  and  the  sources  of  contamina- 
tion arc  less  frequent  or  entirely  wanting.  For  these  reasons,  and 
because  the*  supply  of  water  is  so  much  greater  in  the  sand,  dug  wells 
are  general  in  the  sandy  areas,  where  the  sand  is  deep  enough  to 
afl*()r(l  any  permanent  supply.  Upon  sand  ridges,  especially,  the  welk 
are  gonc^raily  shallow  open  basins  dug  through  the  sand  to  the  under- 
lying clay. 

DEEP   DRIFT    WATERS. 

In  general  there  is  very  little  water  in  the  clay  between  surface  and 
l)e(l  rock.  The  day  is  too  fine  and  too  compact  to  be  porous  and  on 
tliis  account  ahs()rl)s  little  water,  and  is  too  slowly  permeable  to  yield 
it  up  readily  even  where  nearly  saturated.  The  clay  seems  to  have 
been  laid  down  under  water,  and  has  verv  little  embedded  gravel  or 
sand  into  which  water  can  penetrate  and  accumulate.  Where  water- 
bearing strata  are  found,  however,  the  water  is  healthful,  but  is  hard 
and  contains  nuich  iron.  These  water-bearing  strata  in  the  clay  are 
thin,  limited  in  area,  and  occur  at  all  depths,  but  are  not  generally 
depended  on  as  sources  of  sup{)ly  in  the  Hat  lands. 

A  more  constant  source  of  supply  utilized  over  a  wide  area,  and  not 
infrequently  yielding  flows,  is  a  porous  stratum  just  above  the  bed 
rock.  This  seems  often  to  be  bowldery  gravel  lying  on  the  rock  suT' 
face,  and  Ls  from  one  to  several  feet  thick.  This  generally  yields  * 
good  supply  of  water,  wliich  is  frequently  so  like  that  from  the  roc^ 
itself  that  the  natural  inference  is  that  the  water  comes  from  the  roC 
and  is  forced  from  it  into  the  overlying  gravel  by  pressure.     On  tb 
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>'tlier  hand,  it  not  infrequently  happens  that  the  water  in  the  rock 
gnh  be  brackish  while  that  above  will  not  taste  of  salt  at  all,  in  which 
^^jse  it  seeins  probable  that  the  water  in  the  gravel  is  derived  from 
^1>ove  rather  than  forced  up  from  the  rock.  All  of  these  water- 
l>earing  beds  may  be  reached  by  dug,  bored,  or  driven  wells. 

ROCK   WATERS. 

These  are  of  varying  character  according  to  geologic  formation  and 
"die  type  of  rock  from  which  they  come.     As  a  full  accoimt  of  these 
^will  be  published  by  the  Michigan  Survey,  and  as  this  report  deals 
especially  with  the  drift  and  its  waters,  no  discussion  of  the  forma- 
tions and  types  of  rock  will  be  entered  upon  here,  except  to  state  that 
the  water  comes  from  sandstone,  or  rarely  from  shales,  of  the  Michi- 
gan formation  in  the  eastern  and  central  parts  of  the  district  under 
discussion,  and  from  those  of  the  Carboniferous  in  the  western  part. 
It  should  also  be  stated  that  a  large  part  of  the  present  supply  of 
water  for  farm  and  house  use  in  this  district  comes  from  bed  rock. 

The  rock  water  is,  in  a  marked  degree,  less  hard  than  that  from  the 
drift,  and  in  many  cases  it  is  so  free  from  dissolved  lime  or  calcium 
compounds  as  to  give  no  trace  of  these  by  ordinary  tests;  in  a  few 
cases  it  was  reported  as  "softer  than  rain  water.''  This  softness 
may  be  attributed  to  the  absence  of  calcium  minerals  from  the  sand- 
stones in  which  the  water  is  moving,  and  also  to  the  probable  fixation 
of  the  calcium  by  the  action  of  sodium  or  magnesium  sulphates  upon 
the  more  soluble  calcium  compounds.  In  many  cases  the  purity  of 
the  water  is  such  that  the  first  explanation  seems  reasonable  and 
probable,  but  in  the  case  of  salt  and  bitter  waters,  the  second  is  quite 

I  as  likely  to  be  correct.  Three  well-marked  districts  may  be  distin- 
guished by  the  character  of  the  water  from  the  rock  in  this  region,  as 
follows : 

1.  The  district  of  fresh,  soft,  or  relatively  soft,  water,  extending 
from  the  foot  of  the  low  central  moraine  westward  to  the  northwest 
comer  of  Columbia  Township  (T.  14  N.,  R.  8  E.),  and  thence  diago- 
nally southwestward  nearly  to  Reese,  whence  it  runs  more  nearly  due 
south,  finally  leaving  the  county  near  the  northwest  corner  of  Arbela 
Township  (T.  10  N.,  R.  7  E.).  This  district  may  extend  still  farther 
eastward  than  the  moraine,  hut  there  are  few  rock  wells  to  show  its 
limits  in  this  direction. 

2.  A  belt  a  mile  or  two,  rarely  more,  in  width  Ipng  just  west  of  the 
first  district  in  which  the  rock  water  is  all  more  or  less  bitter  to  the 
taste  of  a  person  not  accustomed  to  it,  and  is  frequently  slightly 
brackish  as  well.  This  belt  Ls  not  well  marked  at  the  northern  end, 
hut  is  easily  traced  across  tlio  county.  This  hitter  water  is  so  free 
from  lime  and  its  compounds  that  it  seems  probable  that  a  chemical 
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precipitation  of  the  calcium  salts  as  the  sulphate  has  occurred,  and 
that  soluble  magnesium  chloride  has  been  formed,  to  which  subst4ince 
the  water  owes  its  bitter  taste.  In  general  these  bitter  waters  show 
only  a  small  amount  of  sulphate  present,  but  considerable  amounts 
of  chlorine,  leading  to  the  conclusion  that  the  bitter  taste  came  from 
magnesium  chloride  rather  than  the  sulphate;  however,  no  very  care- 
ful examination  of  the  water  was  made. 

3.  An  area  immediately  west  of  the  last,  lying  between  it  and  the 
bay,  contains  brackish  water  from  the  rock,  or,  frequently,  salt  to 
such  an  extent  that  it  is  imfit  for  cooking  and  can  be  used  for  watering 
cattle  or  for  drinking  only  when  one  has  acquired  a  taste  for  it.  The 
saltness  of  the  water  increases  as  the  district  is  crossed  from  east  to 
west.  In  the  western  part  also  the  waters  near  the  rock  siu^aceare 
more  likely  to  be  usable,  the  deeper  ones  much  less  so.  In  one  small 
area  in  Wisner  Township,  near  Saginaw  Bay,  the  drift  wells,  even 
where  shallow,  were  said  to  be  salty  and  it  was  reported  that  in  earij 
days  ^^deer  licks"  were  formed  in  this  vicinity,  an  indication  either  of 
a  percolation  upward  from  the  rock  surface  by  the  salt  water  or  the 
pressure  of  direct  fissures,  not  improbable  in  a  region  where  the  bed 
rock  is  known  to  be  more  or  less  faulted.  These  salt  waters  were  often 
very  nearly  without  hardness,  showing  only  small  traces  of  the  cal- 
cium salts. 

The  salt  comes  from  the  shales  and  sandstones  of  the  coal  meas- 
ures, which  are  strongly  saline  in  tliis  region.  The  deeper  beds  of 
the  Marshall  sandstone  are  also  salt  bearing,  while  the  upper  ones 
yield  little  or  no  trace  of  salt,  this  substance  having  been  leached  out, 
possibly,  as  suggested  by  Lane,  by  the  great  draft  on  the  lower 
brines  b}'^  the  salt-manufacturing  industry  in  Saginaw  Valley.  What- 
ever the  cause  the  salt  is  gone  from  these  beds,  but  at  lower  depths 
the  water,  even  from  the  Marshall  sandstone,  is  salt,  so  that  wells  in 
the  lake  plain  more  than  300  feet  in  depth  are  usually  salt  or  brackish. 

Depth  to  rod'. — The  drilled  wells  in  the  district  under  consideration 
are  so  distributed  as  to  make  it  apparent  that  the  rock  surface  is  a 
gently-sloping  plain,  with  at  least  one  well-marked  vallfy  in  it,  and 
possibly  more  than  one.  The  slope  of  the  surface  of  the  rpck  is  toward 
the  west  and  about  tlr.  same  as  that  of  the  present  land  surface  (on  an 
average  about  10  Teet  to  the  mile).  Local  elevations  of  the  land  sur- 
face do  not  usually  coincide  with  those  of  the  rock  surface,  so  there  are 
minor  areas  in  which  considerable  variations  in  depth  of  rock  are 
shown,  wliich  would  entirely  disappear  if  the  land  surface  were  a  true 
plain.  On  the  other  hand,  there  are  equally  great  differences  where 
the  land  surface  is  flat. 

In  the  following  table  it  will  be  seen  that  the  average  depth  to  rock 
in  the  various  townships  is  relatively  uniform,  varying  only  about  20 
feet  from  the  lowest,  found  in  the  northern  and  western  part  of  th< 
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the  highest,  found  in  the  extreme  southern  part.  Wisner 
p  has  the  lowest  average  and  the  least  variation,  but  three 
Lkron,  Columbia,  and  Fairgrove,  show  an  average  depth  but 
it  greater,  although  the  surface  of  the  county  is  more  uneven 
;  many  feet  higher. 

Rock  wells  of  Tuscola  County. 


I 


Township. 


Town- 
ship. N. 


Number 
I  Range, I  of  wells 
E.     '  reported. 


14 
13 
12 
11 
10 
15 
13 
12 
14 


Number 

of  wells  I 

In  which  I 
rock  is  ,  Great- 
over  100  I    est. 
feet  deep. 


Depth  of  rock. 


7 
76 

45  I 
9  ' 
2 

51 

60 


11  ! 

8  I 
3 
1  , 


it  I 


Feet. 
85 
170 
140 
200 
120 
229 
230 
112 

+160 


328 


53  :     -h230 


Least. 


Feet. 
70 
70 
60 
49 
70 


49 


Aver- 
age. 


Feet. 
77 
86 
89 
79.6 
95 
83 
84 
98 
83.6 


•eatest  depths  occur  in  certain  restricted  areas  which  seem  to 
tely  related  to  each  other  and  indicate  that  there  is  a  buried 
[tending  from  Huron  County  south  westward  beneath  the  vil- 
Tnionville,  across  Akron  and  Fairgrove  townships  into  Gilford 
imark,  w^here  it  is  lost  track  of.  This  valley  is  of  interest, 
places  it  furnishes  abundant  supplies  of  water,  sometimes  with 
?ad,  so  that  fine  flows  are  obtained  from  it,  but  in  other  places 
to  contain  little  water,  and  when  struck  increases  the  cost  of 
ring  by  adding  to  the  number  of  feet  of  casing  required  to 
d  rock. 

FLOWING  WELLS. 

bution, — Over  a  considerable  part  of  the  lake-plain  area  the 
)m  the  rock  is  under  sufficient  pressure  to  rise  nearly  to,  if  not 
he  surface  of  the  ground,  and  there  are  in  consequence  many 
well  districts.  It  might  almost  be  said  that  the  whole  area 
tes  a  single  district,  for  the  water  will  overflow  the  surface 
is  is  low  or  when  very  permeable  strata  are  struck;  but  in 
here  the  surface  elevation  is  high  or  the  water-bearing  strata 

fine  grained  a  flow  will  not  be  obtained.  The  low-lying  dis- 
?pressions,  and  valleys,  then  are  the  places  where  flows  are 
I  the  largest  numbers.  Even  slight  ridges  are  sufficient  to 
the  flows.  The  largest  areas  of  flows  were  found  in  Columbia 
!p,  where  depressions  of  several  square  miles  in  extent  exist, 

whole  of  wliich  it  may  be  possible  to  secure  good  flows  of 
t  water  from  tlie  rock,  and  in  occasional  wells  almost  equally 
;)plies  from  the  drift  near  the  rock  surface. 
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Extending  west  and  southwest  from  this  to>^Tiship  are  numerous 
otlier  areas,  usually  of  small  extent,  in  which  both  rock  and  drift  flows 
are  found,  the  water  usually  flowing  in  good  quantity,  but  being,  as 
already  pointed  out,  often  brackish  or  salty  in  the  western  part.  The 
water  from  the  drift  where  flows  of  this  type  occur  was  reported  to 
come  from  near  the  surface  of  the  rock  and  may  get  its  pressure  from 
the  rock  itself. 

Loss  of  head. — In  northern  Akron  Township,  north  and  west  of 
Unionville,  are  several  small  flowing- well  areas  in  which  the  flows  have 
greatly  diminished  or  in  many  cases  entirelj^  ceased.  The  date  at 
which  the  failure  began  was  so  closely  connected  with  the  opening  and 
working  of  the  coal  mines  at  Sebewaing  that  the  owners  attribute  the 
loss  of  head  to  the  immense  drain  on  the  underground  waters  which 
the  operations  in  these  mines  entailed.  The  connection  between  the 
two  phenomena  is  the  more  close  when  it  is  considered  that  the  wells 
to  the  eastward  of  what  is  assumed  to  be  the  border  of  the  lowest  beds 
of  the  coal  measures  were  not  affected,  as  they  draw  their  supplies 
of  water  from  beds  which  are  below  the  ones  worked  for  coal  at  Sebe- 
waing. 

Loss  of  head  was  noted  at  many  other  points  where  single  wells, 
usually  on  high  ground  as  compared  with  the  others  in  the  same  area, 
were  reported  to  have  flowed  formerly.  Not  infrequently  the  time 
when  the  flow  ceased  could  be  fixed  by  the  date  when  some  neighbor- 
ing well  on  lower  ground  was  completed.  In  a  few  cases,  deepening 
a  well  was  reported  to  have  restored  the  flow  after  it  had  ceased. 

During  the  excitement  attendant  upon  the  development  of  the  coal 
deposit  about  Saginaw  many  holes  were  drilled  by  coal  prospectors, 
which  after  the  drilling  was  completed  were  plugged  more  or  less  per- 
fectly and  the  casing  pulled  out.  In  some  cases,  because  of  imperfect 
plugging,  the  watiT  from  the  rock  worked  its  way  out  to  the  surface, 
and,  flowing  freely,  was  the  cause  of  diminution  or  loss  of  head  for 
several  wells  in  the  neigliborhood. 

It  has  already  been  pointed  out  that  the  rock  surface  rises  from  the 
l)ay  eastward.  At  tiic^  sliore  of  the  bay  the  altitude  of  the  rock  sur- 
face is  about  520  feet  above  sea  level,  or  about  60  feet  below  the  bay: 
near  Cass  City  it  crops  out  in  the  bed  of  tlie  river  at  an  elevation  of 
about  700  feet  above  the  sea;  wliile  to  the  northeast  at  Tyre  it  rises  in 
places  to  al)out  800  feet.  These  elevations  are  important,  as  they 
show  a  steady  increase  in  the  height  of  the  rock  surface,  sufficient  to 
give  pressure  to  the  water  at  the  lower  eh^vations,  especially  since  the 
dij)  is  from  tlie  higher  to  the  lower  elevations.  That  these  difference 
are  really  sufficient  is  evident  when  it  is  remembered  that  the  major- 
ity of  areas  of  flows  occurring  in  the  lake-plain  district  are  below  the 
660-foot  surface-contour  line,  and  none  are  al)ove  the  680-foot  con- 
tour, that  is,  the  surface  in  the  flowing-well  areas  in  Columbia,  Akron, 
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d  Fairgrove  townships  is  from  30  to  50  feet  or  more  below  the  sur- 
JB  of  the  rock  in  the  valley  of  the  river  a  few  niiles  to  the  east,  and 
ich  more  below  what  it  is  a  little  farther  northeast.  In  the  same 
^ons,  where  the  rock  surface  is  liigher,  the  surface  deposits  are  very 
sorbent,  and  a  much  larger  percentage  of  the  rainfall  penetrates 
p  ground  and  fmds  its  way  into  the  permeable  sandstone  than  in  the 
ly-covered  districts.    These  areas  supply  much  of  the  water  as  well 

the  pressure  of  the  flowing  wells. 

In  this  connection  it  may  be  well  to  note  that  the  rather  porous 
jraine,  or  high  ridge,  between  Cass  River  and  the  flowing-well 
eas  imder  consideration  is  also  a  catchment  area  of  considerable 
iportance,  and  if  the  clay  imderlying  it  is  as  penetrable  to  water  as 
i  own  surface  a  large  part  of  the  rock  water,  and  the  head  as  well, 
uld  be  derived  from  it.  One  objection  to  such  an  hypothesis  is  the 
eat  scarcity  of  lime  in  the  rock  water  compared  with  the  amount  of 
ae  and  other  mineral  matters  in  water  from  the  drift,  which  could 
irdly  be  eliminated  in  the  passage  of  the  water  through  the  rock, 
le  sandy  areas  to  the  northeast  and  cast  would  not  yield  the 
luble  minerals,  lience  are  the  more  probable  sources  of  supply. 

Flmos  from  drift. — In  the  lake-plain  district  flows  from  the  drift 
-e  rare  compared  with  those  from  the  rock.  The  largest  area  is 
tuated  a  mile  southeast  of  Unionville,  and  is  about  a  square  mile  in 
ctent,  the  group  consisting  of  eight  or  ten  wells  which  have  good 
5WS,  with  a  head  of  from  3  to  5  feet.  The  depth  of  these  wells  is 
cm  50  to  75  feet,  and  most  of  them  get  their  water  from  a  stratum 
:  quicksand  which  lies  upon  the  surface  of  the  l)ed  rock,  from  which 
eighboring  wells  draw  their  supply  at  slightly  greater  depth. 

The  water  of  these  wells  is  generally  of  about  the  same  character  as 
lat  from  the  rock,  and  it  is  probable  that  it  finds  its  way  into  the 
md  from  the  rock,  rather  than  from  the  clay  above. 

A  small  group  of  flowing  wells  from  the  drift  also  occurs  a  mile  west 
f  the  town  of  Akron.     A&  in  the  Colunil)ia  area,  those  go  down  nearly 

0  the  rock  surface  and  get  their  water  from  (juicksand  or  fine  gravel 
ust  above  the  rock. 

Aside  from  these  areas  there  are  a])out  thirty  small  areas  with  one  or 
wo  wells  each,  located  near  or  in  areas  of  flows  from  the  rock, 
t'hich  present  about  the  same  cliaracteristics  as  the  two  areas  men- 
ioned  above.  In  all  of  these  wells,  with  possibly  one  or  two  excei>- 
ions,  the  water  comes  from  near  the  surface  of  the  rock,  and  it  is 
ifficult  to  say  whether  tlu*  wells  should  he  classed  as  drift  or  rock 
•ells,  since  it  seems  probable  that  the  water  comes  from  the  rock, 
•hile  the  wells  extend  only  into  the  quicksand,  which  is  part  of  the 
rift. 

It  was  reported  by  one  of  the  early  settlers  that  the  lirst  well  to  flow 

1  the  northern  part  of  Tuscola  count^^  was  a  dug  well  about  half  a 
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mile  south  of  Unionville,  put  down,  or  deepened  in  a  very  dry  time, 
until  it  had  penetrated  the  clay  about  90  feet.  The  diners  left  tb 
hole  at  noon  to  go  to  dinner,  and  when  they  returned  the  well  had  i 
large  amount  of  water  in  it,  and  soon  was  flowing  over  the  top.  Thk 
well  was  the  means  of  showing  the  farmers  of  the  region  that  abun- 
dant water  was  to  be  obtained  near  the  rock  or  from  it,  and  deep  welk, 
bored  or  driven,  soon  became  common. 

As  has  already  been  pointed  out,  the  districts  where  the  soil  is 
sandy  or  gravelly  get  sufficient  water  for  ordinary  uses  from  shallow 
dug  wells  from  10  to  40  feet  deep.  The  eastern  border  of  the  plain, 
where  it  approaches  the  foot  of  the  ridge  which  marks  the  limits  of  the 
flat  lands,  becomes  sandy  or  loamy,  and  is  much  more  permeable  than 
the  clays,  and  furnishes  much  more  water  in  the  upper  layers  of  the 
drift.  Here  also  are  ridges  of  gravel  or  sand  making  former  shore 
lines  and  extending  for  many  miles  parallel  to  the  high  ridge  to  the 
east,  and  these  funiish  extensive  reservoirs  of  water  which  appears  in 
dug  wells,  or  in  the  form  of  springs  at  the  edges  of  the  ridges,  or  in 
marshy  areas  bordering  them.  The  whole  length  of  one  of  the  best 
marked  of  these  wave-formed  ridges  is  bordered  by  large  springs, 
some  of  which  are  impounded  for  domestic,  uses,  in  one  or  two  cases 
forming  good-sized  fish  ponds.  The  water  from  these  springs  is 
medium  hard,  fresh,  and  of  excellent  quality,  and  often  the  quantity 
is  Targe,  especially  after  the  outlets  have  been  enlarged.  The  wells  in 
such  localities  are  usually  only  a  few  feet  deep  and  yield  an  abundance 
of  water. 

MORAIXAL  REGION. 

OEKERAL  COKDinOKS. 

The  height  of  these  districts  above  the  level  of  the  bay,  amounting 
to  about  200  feet  in  the  western  and  from  300  to  400  feet  in  the  south- 
eastern portion,  makes  the  rock  surface  hard  to  reach,  and  precludes 
getthig  flowing  waters  from  the  rock,  and  on  the  highest  land  from  the 
drift.  The  greater  permeability  of  the  surface  soils  of  the  ridges  com- 
pared with  tlie  clays  of  the  lake-plain  district  permits  a  much  larger 
percentage  of  the  rainfall  to  be  absorbed,  while  the  unsorted  and 
loosely  compacted  subsurface  materials  serve  to  give  storage  to  the 
water  thus  absorbed  at  no  great  distance  down.  In  these  districts 
the  wells  are  usually  of  the  open  dug  ty{)e,  of  depths  varying  from  12 
to  60  feet,  beyond  which  they  are  sometimes  deepened  by  boring  or 
drilling.  In  a  few  cases  it  was  found  that  wells  had  been  drilled 
tlu-ougli  the  drift  to  the  rock,  sometimes  nearly  300  feet  down;  but 
this  is  rarely  done. 

The  location  of  wells  in  the  morainal  districts  is  often  most  disad- 
vantageous, since  they  are  placed  on  or  near  the  top  of  the  ridge^> 
where  the  water  table  or  zone  of  permanent  ground  water  is  the  far" 
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2st  possible  from  thesurface,and  is  much  more  subject  to  fluctuations 
Ein  it  is  in  the  depressions  or  near  the  bottoms  of  the  slopes.  Even 
len  a  well  gets  its  water  from  a  gravel  vein  it  is  evident  that  the 
iter  is  much  more  quickly  exliausted,  at  least  so  far  as  a  given  well 
concerned,  if  it  is  tapped  near  the  top  of  a  slope  than  at  or  near  the 
ttom,  because  of  the  eflFect  of  gravity,  which  is  constantly  drawing 
B  w^ater  do^Ti  the  slope  and  away  from  the  higher  levels.  The 
epest  well  of  which  record  was  obtained  in  these  districts  was  one 
the  northwest  comer  of  Watertown  Township,  which  was  reported 
be  352  feet  deep,  with  bed-rock  at  272  feet  from  the  surface,  the 
itude  of  the  surface  being  900  feet  above  sea  level. 
The  w^ater  from  the  wells  of  the  morainal  districts  is  variable  in  the 
lount  of  the  dissolved  mineral  matter  which  it  contains,  consisting 
iefl}^  of  lime  or  of  calcium  and  iron  compounds.  It  is  harder  in  clay 
•ata  than  where  it  passes  through  sand  and  gravel.  No  saline  or 
ackish  water  known  to  come  from  the  drift  was  found  in  these  areas. 

FLOWINO  WELLS. 

Near  the  foot  of  the  steeper  slope  from  the  high  morainal  district 
ward  Cass  River  are  five  small  areas  of  flowing  wells  from  the  sur- 
ce  deposits  or  drift  and  one  from  the  rock.  On  the  southward  slope 
om  the  same  ridge,  extending  also  into  Lapeer  County,  is  still  another 
•oup. 

Two  of  these  districts  are  situated  in  Arbela  Township,  one  in  Water- 
mn,  one  in  Fremont,  and  one  in  Wells,  on  the  north  side  of  the  ridge, 
nd  one  in  Dayton  Township  on  the  soutli  side.  The  others  are  small 
1  the  extent  of  area  covered,  embracing  from  one  to  three  wells. 

ARBEIT   TOWNSHIP. 

The  first  area  in  Arbela  Township  is  on  the  line  between  sees.  14 
nd  15,  where  the  wells  are  about  30  feet  deep,  witli  a  slight  head  of 
ather  hard  water.  The  well  on  the  farm  of  D.  N.  Van  Wormer,  for 
istance,  is  27  feet  deep,  having  surface  clay  and  gravel  to  10  or  11 
Jet  and  hardpan  thence  to  tlie  bottom. 

The  second  area  is  on  tlio  east  side  of  sec.  13,  and  consists  of  two 
ells  60  feet  deep.  These  are  at  the  foot  of  the  sharp  slope  of  a  ridge, 
ad  the  water  was  reported  to  come  from  gravel,  was  hard,  and  con- 
lined  iron.  It  flows  with  a  head  of  about  2  feet,  and  discharges  less 
lan  1  gallon  a  minute. 

The  sources  of  head  and  tlie  catchniont  area  are  apparently  in  the 
dge  l^^ing  to  the  south,  which  is  the  westward  extension  of  a  higher 
loraine  to  the  east. 

If  this  ridge  is  the  catchnient  area,  there  seems  to  be  no  good  reason 
hy  the  present  areas  should  not  be  extended  both  east  and  west  of 
le  present  developnu^nt  over  an  area  extending  a  iwiVe,  iiivoTe  ox  V^^ 
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from  the  foot  of  the  steeper  slopes  and  flows  obtained  from  varioiB 
depths.  This  seems  the  more  probable  because  in  Saginaw  County 
the  same  ridge  and  conditions  exist,  and  the  area  of  flows  is  miK^ 
larger  than  here. 

In  the  center  of  Arbela  TowTiship,  at  the  town  hall,  is  a  flowing  weB 
270  feet  deep.     The  record  is  as  follows: 

Record  of  wdl  in  Arbeh  ToumMp. 


Thicness.     Total 


Feet.  F«t. 

Surface  days  and  hardpan 70  % 

Shales IW  3N 

White  sand  rock  yielding  a  flow 6  39 

I  1 


FUEMONT   AND    WATERTOWN   TOWNSHIPS. 

Both  of  these  townships,  which  have  each  a  single  well  in  the  pres- 
ent stage  of  their  development,  lie  near  the  foot  of  the  high  moriaDe 
in  the  southeastern  comer  of  the  count}^  4^  miles  west  of  Mapillc. 
The  Fremont  well  was  not  visited,  but  was  reported  to  be  about  70 
feet  deep  and  to  flow  a  good  stream.     From  the  situation  and  topog- 
raphy it  seems  likely  that  flows  might  be  had  northeast  and  south- 
west of  tlie  present  location.     The  well  of  Mr.  Arthur  Wills,  in  Wate^ 
town  Township  area,  is  situated  1  mile  south  and  5J  miles  west  of 
Mayville,  on  the  north  side  of  sec.  6.     It  is  65  feet  deep,  has  a  2-inch 
casing,  which  is  reduced  at  the  outlet  to  one-half  inch  by  a  valve  used 
to  shut  the  water  off  so  it  will  flow  to  the  bam.     The  flow  is  about  5 
gallons  a  minute,  with  a  head  of  more  than  6  feet,  and  but  for  the 
reduction  of  tlie  size  of  the  outlet  the  water  would  apparently  flow  the  j 
full  size  of  the  pipe  to  this  height.     The  water  has  a  temperature  of  ! 
49°  F.,  is  hard  and  contains  considerable  iron,  and  is  of  good  quality,  j 
It  seems  probable  that  this  area  could  be  connected  with  the  Fremont  j 
area  and  extended  to  the  west  and  soutli  along  the  gentle  slopes  at  the  i 
foot  of  the  high  ridge,  but  the  district  is  at  present  sparsely  settled  ; 
and  the  rather  sandy  till  yields  sufficient  water  for  general  uses  in 
open  dug  wells  of  slight  depth. 

WELLS    TOWNSHIP. 

This  area  is  situated  in  a  recently  cleared  district  on  sees.  27  and 
34,  1  mile  north  and  4 A  miles  west  of  the  village  of  Kingston  and 
about  11  miles  southeast  of  Caro.  The  district  is  at  present  less  than 
1  mile  long  and  contains  two  wells  43  and  48  feet  deep,  respectively, 
which  derive  their  wat(T  from  graved.  The  head  is  about  18  inches 
and  the  flow  from  1  i>int  to  1  quart  a  minute.  As  these  wells  are 
near  the  foot  or  the  slope  from  a  higli  ridge  to  the  south,  they  prob- 
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kbly  derive  their  head  and  supply  from  this  source,  and  the  area  may 
capable  of  extension  both  east  and  west  along  the  same  leveL  and 

-possibly  also  north  of  the  present  area. 

Along  the  foot  of  the  moraine,  where  it  crosses  sees.  25  and  36  of 

"IBVells  Township,  is  the  outcropping  of  a  more  compact,  less  perme- 
able clay,  under  a  gravel  deposit  of  considerable  extent.  The  clay 
^scposure  forms  the  lower  part  of  an  extensive  slope,  down  which  the 
^^rater  which  runs  out  upon  it  from  imder  the  gravel  finds  its  way, 
often  forming  springs  of  considerable  size.  One  of  these  springs 
aippears  by  the  road  on  the  northeast  quarter  of  sec.  36  and  flows  into 
^he  roadside  ditch.  The  water  comes  from  sand,  is  hard,  contains 
Jjron,  and  is  of  excellent  quality.  The  amount  of  water  furnished  by 
^fthis  spring  was  about  1 5  gallons  a  minute  after  a  long  period  of  drought. 
Tlie  w^hole  district  along  the  base  of  the  ridge  is  more  or  less  favorable 
dfbr  such  springs. 

VALLEY  REGION. 

Cass  River  Valley,  in  Tuscola  County,  is  a  well-defined  district  in 
"which  the  water-supply  conditions  differ  from  those  in  either  of  the 

-  ■  other  districts.  The  Glacial  or  lake  history  of  the  valley  explains  the 
^  JEenerally  sandy  natiure  of  the  surface  deposits  throughout  the  upper 
V  and  central  parts  of  the  districts,  but  can  not  be  entered  into  in  this 
''^.  place  except  to  state  that  this  valley  was  first  occupied  by  ice,  then 
'\  T)y  an  arm  of  the  Glacial  Lake  Saginaw,  into  which  flowed  a  large 
\  stream  from  the  melting  ice  to  the  north.  This  lake  subsided  by 
^  slow  stages,  leaving  shore  and  fallow-water  deposits  in  the  form  of 

.  sand,  which  was  either  heaped  up  into  ridges  or  spread  out  in  thin 

:  layers  over  the  surface  by  the  falling  waters.     The  stream  constantly 

^  ^  brought  down  more  sand,  which  was  built  into  bars  and  deltas.     All 

' ..  of  these  deposits  are  readily  permeable  to  water,  and  nearly  all  of  the 

-  r  rainfall  upon  the  surfaee  is  readily  taken  in  by  the  coarse  soils.     This 
?  either  runs  off  below  the  surface  or  remains  in  hollows  upon  the  top 

■  \   of  the  clay  subsoil  or  upon  the  top  of  the  rock,  where  this  was  the 

?  tmderlying  stratum,  as  it  is  in  the  northeastern  part  of  the  county. 

As  the  result  of  this  stnicture  and  lustory%  in  most  parts  of  the  area 

.'   shallow  wells,  dug  down  to  the  surface  of  the  day  or  into  it  a  short 

\    distance,  furnish  a  good  supply  of  water. 

'  Aside  from  this  ease  of  getting  water  in  shallow  wells,  the  district 
(  is  much  more  fully  watered  than  either  of  the  other  districts  by  small 
I  streams  tributary  to  the  river.  These  and  the  river  furnish  water  for 
stock  in  large  quantity.  The  valleys  of  the  streams,  and  of  the  river 
^  well,  in  many  places  cut  through  into  the  clay  underlying  the  sand. 
This  clay  is  dark  colored,  very  hard  and  compact ,  and  is  probably  of 
greater  age  than  the  surface  clays  of  the  other  districts.  It  is  nearly 
impenetrable  to  water.  Alonc^  the  junction  of  the  sand  and  clay  the 
^ater  flows  out  into  the  vnllcys,  forming  springs,  w\ue\\  vviry  '\w  ^vwb 
mBl8&—0a 11 
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y  derive  their  head  and  supply  fiDiu  this  source,  and  the  area  may 
capable  of  extension  both  east  and  west  along  the  same  level  and 
^bly  also  north  of  the  i)resent  area. 

ilong  the  foot  of  the  moraine,  where  it  crosses  sees.  25  and  36  of 
'Ds  Township,  is  the  outcropping  of  a  more  compact,  less  perme- 
e  clay,  under  a  gravel  deposit  of  considerable  extent.  The  clay 
losure  forms  the  lower  part  of  an  extensive  slope,  down  which  the 
ter  which  runs  out  upon  it  from  under  the  gravel  finds  its  way, 
en  forming  springs  of  considerable  size.  One  of  these  springs 
lears  by  the  road  on  the  northeast  quarter  of  sec.  36  and  flow^s  into 
!  roadside  ditch.  The  water  comes  from  sand,  is  hard,  contains 
a,  and  is  of  excellent  quality.  The  amount  of  water  furnished  by 
9  spring  was  about  1 5  gallons  a  minute  after  a  long  period  of  drought, 
e  whole  district  along  the  base  of  the  ridge  is  more  or  less  favorable 
Buch  springs. 

VALLEY^  REGION. 

JksB  River  Valley,  in  Tuscola  County,  is  a  well-defined  district  in 
libh  the  water-supply  conditions  differ  from  those  in  either  of  the 
m  districts.  The  Glacial  or  lake  history  of  the  valley  explains  the 
4BraIly  sandy  nature  of  the  surface  deposits  throughout  the  upper 
dl  central  parts  of  the  districts,  but  can  not  be  entered  into  in  this 
libe  except  to  state  that  this  valley  was  first  occupied  by  ice,  then 
an  arm  of  the  Glacial  Lake  Saginaw,  into  which  flowed  a  large 
tiam  from  the  melting  ice  to  the  north.  This  lake  subsided  by 
»w  stages,  leaving  shore  and  sluillow-water  deposits  in  the  form  of 
3d|  which  was  either  heap(»(l  up  into  ridges  or  spread  out  in  thin 
/MB  over  the  surface  ])y  th(»  falling  waters.  The  stream  constantly 
ought  down  more  sand, which  was  built  nito  bars  and  deltas.  All 
these  deposits  are  readily  permeable  to  water,  and  nearly  all  of  the 
mfall  upon  the  surface  is  readily  taken  in  by  the  coarse  soils.  Tliis 
iher  runs  off  below  th(»  surface*  or  remains  in  hollows  upon  the  top 
the  clay  subsoil  or  upon  the  toj)  of  the  rock,  where  this  was  the 
derlying  stratum,  as  it  is  in  the  northeastern  part  of  the  county. 
As  the  result  of  this  structure  and  history-,  in  most  parts  of  the  area 
dlow  wells,  dug  down  to  tin*  surface  of  the  clay  or  into  it  a  short 
itance,  furnish  a  good  supply  of  water. 

Aside  from  this  ease  of  pitting  water  in  shaUow  wells,  the  district 
much  more  fully  watered  than  (»ither  of  the  other  districts  by  small 
»ams  tributary-  to  the  river.  Tliese  and  the  river  funiish  water  for 
)ck  in  large  quantity.  Tlie  valleys  of  tlie  streams,  and  of  the  river 
well,  in  many  places  cut  through  into  the  day  underlynig  the  sand. 
DB  clay  is  dark  colored,  vcm'v  hnrd  and  compact,  and  is  probably  of 
l^ter  age  than  the  surface  clays  of  the  other  districts.  It  is  nearly 
hjnetrable  to  water.  .Vlon^  the  junction  of  the  sand  and  clay  the 
■^••floiro  out  into  the  vikUovSf  forming  springs,  w\uc\\  vcltj  \w  ^vu^ 
X»-l» — u 
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frOiii  seoj)np:e  lines  scarcely  reco|:nizable  to  large  outflows  of  nuny 
galhms  to  the  minute,  such  es  the  springs  from  which  the  townd 
Caro  draws  its  w ater  supply. 

This  areu,  however,  is  the  least  thickly  settled  in  the  county  tndi 
likely  to  remain  so,  because  of  the  small  agricultural  value  of  mudifll 
the  Lmd ;  hence  the  w^ater  resources  are  poorly  developed  and  littk 
utilized. 

At  Tuscola,  Vassar,  and  Caro,  and  in  the  immediate  vicinity 
these  to\NTis  are  a  few"  rock  wells,  w^hich  will  be  considered  in  conned 
tion  wdth  the  water  supplies  of  these  towns. 

MISC^ELLANEOUS  TOWX  SUPPLIES. 

Each  of  the  districts  described  above  has  some  of  the  towns  of  tin 
county  located  within  it,  and  in  general  it  may  be  said  that  the  vilkp 
supplies  in  each  district  are  characteristic  of  that  area  in  which  thij 
are  obtaiiK^d. 

LAKE-PLAIH  REGION. 

UNIONVILLE. 

This  village,  with  a  population  of  457,  has  no  public  supply  anJ 
tjets  the  wt  tor  for  domestic  use  and  for  manufacturing  fromwelki 
which  ill  miiiiy  ctiscs  penetrate  the  rock  here  from  90  to  150  feet 
below  tlu»  surface.  The  greater  depths  occur  in  the  eastern  partrf 
tlio  town,  where  the  depth  varies  abruptly  from  the  least  to  greatest, 
indicating  a  valley  hi  the  rock,  tis  th%land  surface  is  nearly  level. 
ivw  of  these  wi^lls  ilow,  but  usually  the  w^ater  is  pumped,  and  is 
iind  fn^sh  and  in  good  (|uaiitity  for  all  present  needs. 

In  case  a  public  supply  is  required  the  rock  should,  from  present 
indications,  furnisli  a  good  and  very  pure  supply,  and  if  the  welh 
were  ])ut  down  in  tlie  l()W(\st  possible  places  they  would  in  all  proba- 
bility How. 

AKRON. 

This  village  is  situated  on  n  low,  broad,  sand  ridge.  It  has  t^ 
sources  of  su])ply,  the  clay  under  the  sand  and  the  rock  deep  dowB 
below  the  clay.  There  is  no  public  supply,  and  a  large  number  of  the 
people  get  water  for  domestic  use  from  shallow  dug  w^ells  10  to  15 
feet  deep. 

As  this  supply  chiefly  comes  from  water  wiiich  leaches  through  the 
shallow  sand,  it  is  more  or  less  Hkely  to  be  contaminated  by  perco- 
lation from  cesspools,  drains,  and  vaults.  Such  wells,  especially  i^ 
dry  times,  are  unsafe  unless  every  precaution  is  taken  to  guard 
against  pollution.  As  the  population  increases,  these  shallow  welb 
will  have  to  be  abandoned,  as  the  supply  is  limited  because  of  tic 
small  catchment  area,  and  even  at  present  is  noticeably  affected  by 
dry  weather. 
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driven^  and  drilled  wells  in  the  neighborhood  reach  rock  at 
feet  and  same  penetrate  it  to  a  depth  of  100  or  150  feet, 
these  rock*  wells  flow  3  or  more  feet  above  the  surface.  The 
fresh  and  nearly  soft,  but  has  a  slightly  bitter  taste,  not 
e  except  to  those  unaccustomed  to  its  use.  If  the  town  ever 
a  public  water  supply,  the  rock  will  be  the  best  available 
lough  wells  to  it  probably  will  not  flow  unless  located  on  the 
rid  or  off  from  the  ridge.  The  upper  strata  of  rock  seem  to 
,  so,  for  a  large  supply,  the  wells  must  be  sunk  to  underlying 
e  at  considerable  depth. 

FAIRGROVE. 

llage  is  situated  on  a  low,  broad,  morainal  clay  ridge,  some- 
)vo  the  surrounding  plain,  and  is  too  high  to  have  flowing 
n  from  the  rock.  The  town  has  a  public  water  supply  for 
xlion  and  sprinkHng  purposes,  the  water  being  obtained 
'ace  siippHes  distributed  from  cisterns.  Supplies  for  domes- 
arm  use  are  obtained  from  dug  wells  ranging  from  12  to  35 
?pth,  and  from  driven  or  drilled  wells  which  reach  or  enter 
The  water  of  the  dug  wells  comes  from  sand  or  gravel  bed^ 
ift  and  is  hard,  but  otherwise  of  good  quality,  except  in  the 
;t  wells,  in  wliich  it  is  liable  to  contamination  from  the 

'pth  to  the  rock  surface  is  from  90  to  100  feet  and  more. 
est  well  in  the  village  is  probably  that  at  the  railroad  station, 
V  Mr.  ^IcMillen  in  February,  1895,  of  wliich  the  following 
s  been  preserved : 

Htcoid  of  mil  at  Fnirfjrore  station. 
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This  well  furnished  a  large  supply  of  good  water.  K  the  record  is 
typical  of  the  locality,  it  is  evident  that  the  most  easily  obtained  sup- 
ply is  from  the  layer  of  cemented  gravel  near  the  surface  of  the  rock. 
Below  this  level  shales  are  likely  to  predominate,  and  do  not  fumidi 
good  supplies  of  water. 

R££S£» 

This  village,  with  a  population  of  427,  is  located  on  the  slopes  of  i 
somewhat  gravelly  morainal  ridge,  and  spreads  out  upon  a  plain  «l 
its  base.  As  in  all  cases  where  there  is  a  porous  surface  stratum  with 
less  pervious  strata  below,  shallow  dug  w^ells  are  the  chief  source  of 
water  supply  for  domestic  use.  Here  this  type  of  w^ell  is  reported  to 
vary  from  12  to  20  feet,  rarely  more,  in  depth,  and  to  furnish  a  sufr 
cient  supply  of  hard  water.  The  public  supply  comes  from  welk  rf 
this  type,  and  is  pumped  for  fire  protection,  sprinkling,  etc.,  but  is 
not  used  much  as  yet  for  other  purposes.  Aside  from  the^se  shallow 
wells,  others  are  drilled  and  driven  down  to  and  into  the  rock,  which 
here  ranges  from  80  to  possibly  100  feet  from  the  surface.  The  fol- 
lowing record  of  w^ells  in  Reese  shows  the  character  of  the  strata 
passed  tlu*ough: 

RecortI  ofvx'll  No.  1  at  Reese. 


StilT  blue  day 

Soft  V)liie  clay 

SaiKl  uinl  small  siuuistono 

Soft  soap  rock  (shale) 

i  la  rdcr  soap  riK'k 

Soft  soap  r(K'k 
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The  water  from  the  rock  wells  here  is  brackish  or  salty;  the  deep- 
;,  which  formerly  flowed^  foimd  strong  brine  from  white  sandstone 
about  430  feet. 


SIBOE    SEOIOH. 

Of  the  ridge  region  notliing  need  be  said  aside  from  what  has  al- 
idy  been  noted  in  connection  with  the  general  discussion  of  these 
5tricts. 

OAOETOWN. 

This  town,  with  a  population  of  400^  is  near  the  northern  county 
le,  upon  the  crest  of  the  western  moraine.  Dug  wells  with  a  depth 
10  to  40  feet  or  occasionally  more  are  the  most,  common  source  of 
pply  for  domestic  use.  The  water  comes  from  sand  or  gravel  beds 
the  clay,  is  hard,  of  sullicient  quantity  for  ordinary  demands,  and 
said  not  to  be  affected  by  the  seasons.  It  rises  in  some  of  these 
*lLs  to  within  10  feet  of  the  sui-face. 

Wells  are  occasionally  drilled  to  rock,  but  no  records  of  the  depth 
}re  available.  The  deepest  well  in  Gagetown  is  reported  to  be  140 
et. 

KIX(;ST()X. 

This  village,  with  a  population  of  350,  is  located  on  a  morainal 
Ago,  30  to  40  feet  above  tlie  bottom  of  the  valley  in  wliich  the  rail- 
>ad  runs.  The  wells  are  generally  dug,  and  range  from  20  to  50  feet 
L  depth,  with  an  average  of  35  feet:  the  water  is  hard,  but  of  good 
uality,  and  sufficient  quantity  for  domestic  use,  and  is  said  not  to 
ary  with  the  season.  The  supply  comes  from  sand  or  gravel  beds 
\  some  of  the  wells. 

A  waterworks  system  owned  by  the  village  was  installed  in  1902, 
he  water  being  pumped  from  a  4-inch  drilled  well  217  feet  deep, 
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wliich  reaches  rock  at  about  150  feet.  The  wat^r  comes  from  sand- 
stone and  rises  to  within  10  to  12  feet  of  the  surface,  giving  aro]^ 
supplies.  It  is  distributed  from  a  standpipe,  and  is  used  for  fire  pro- 
tection, sprinkling,  and  boilers.  There  is  also  a  well  215  feet  deep, 
in  rock,  at  the  schoolhouse,  having  the  same  characteristics  as  tbi 
waterworks  well. 

Along  the  railroad  and  at  the  bottom  of  the  vallej^  west  of  il,  botk 
of  which  lie  15  to  20  feet  below  the  water  level  in 'the  waterworb 
well,  it  is  probable  that  water  from  the  same  source  would  be  reacbed 
at  about  1S5  feet  or  a  little  more,  and  would  flow  with  strong  hftd. 
In  this  valley  is  a  small  stream,  and  along  the  margin  of  it  are  seepap 
springs,  the  water  from  which  is  sometimes  used. 

MAYVILLE. 

Tliis  town,  with  a  population  of  750,  is  the  m*ost  elevated  in  Tuscok 
County,  the  moraine  rising  to  nearly  1 ,000  feet  above  sea  level  within 
its  limits.  As  a  result  of  tliis  situation  the  wells  for  domestic  supply 
are  often  deep,  but  do  not  reach  the  rock  surface.  There  is  no  wat<ff- 
works  system;  one  was  projec*,ted  some  years  ago,  but  was  abandoned 
on  account  of  the  dilHculty  of  getting  water  in  sufficient  quantity. 

A  test  w(»ll  was  drilled  400  feet  and  bed  rock  was  reached  at  2S5feet 
In  this  well  water  rose  from  sandstcme  about  300  feet  or  to  >*'ithin  100 
feet  of  the  surface. 

The  dug  wells  are  often  shallow,  from  15  to  20  feet  deep,  the  slial- 
lovvest  being  only  10  feet,  but  driven  wells  in  the  higher  parts  of  iha 
town  often  go  down  nearly  or  quit(»  100  feet  to  water  of  suflicient  quan- 
tity. The  water  in  the  shallow  wells  is  said  to  come  horn  sand  or 
grav(»l  ])e(ls  in  the*  till,  is  hard,  and  is  never  large  in  amount ;  yet  the 
supply  is  fairly  constant,  so  that  juoderate. demands  on  it  are  met 
except  in  vvvy  dry  weather,  when  it  maj'  fail. 

B(»<1  rock  is  the  most  availal)l(»  source  for  a  large  supply  for  the  town, 
])ut  the  great  depth  to  which  it  is  nec(*ssary  to  go  to  reach  rock,  and 
the  depth  from  whicli  watcT  must  be  pumpe<l  makes  it  an  expensive 
source.  If,  however,  w(»lls  were  put  down  in  the  lowest  part  of  the 
town,  or,  better  still,  in  the  valley  north,  and  pumped  from  these  to» 
reservoir  in  the  higliest  part  of  tlu*  town  from  which  it  could  be  dis^ 
tributed,  it  seems  j)robahle  that  a  satisfactory  supply  nniy  be  liaJ- 
Nearly  100  feet  in  the  de])th  of  the  wells  could  be  saved  by  Iwating 
them  in  the  lowest  part  of  the  valley,  which  runs  through  the  eastern 
part  of  ilu)  town. 

MILUNCITON'. 

Millington,  with  a  population  of  032.  is  situated  on  a  broad,  gently 
sloping,  sandy,  and  gravelly  plain,  wliich  is  on  the  edge  of  the  rolling 
country  and  is  morainal  in  its  origin.  Tlu*  sui-face  soil  is  permeaW^ 
enough  to  take  in  a  ccmsiderable  amount  of  the  rainfall,  and  thisaccU* 
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mlates  in  the  underlying  gravels,  which  lie  from  15  to  20  feet  below 
.€  surface.  This  supply  is  easily  reached  by  open  dug  wells,  and  is 
rgely  drawTi  upon,  the  majority  of  the  houses  of  the  town  depending 
1  wells  about  20  feet  deep  for  their  supply  for  domestic  uses.  This 
pply  is  uncertain  and  affected  by  drought.  *  Persons  requiring  larger 
pplies  drill  down  to  be^  rock  for  water,  reaching  it  at  from  90  to 
2  feet.  In  tliis  rock,  which  is  sandstone,  water  may  be  found  at 
irj^ng  depths  in  good  quantity  and  of  excellent  quality. 
In  1904  the  village  completed  its  public  w^aterworks,  the  water  being 
itained  from  two  4-inch  drilled  wells  187  feet  and  200  feet  de^p, 
spectively,  located  near  the  center  of  the  town.  The  rock  surface 
about  110  feet  down,  and  the  rock  was  reported  as  sandstone  the 
iole  distance  until  water  was  struck.  The  water  rises  within  1 7  feet 
the  surface  and  is  said  to  be  of  excellent  quality  and  abundant.  It 
distributed  from  an  elevated  tank  or  standpipe,  into  which  it  is 
imped  from  the  w^ells. 

FOSTORIA. 

This  village  lies  on  a  slope  from  the  liigh  moraine  to  the  north  and, 
far  as  learned,  gets  its  supply  for  domestic  use  from  dug  wells  20  to 
feet  in  depth.     A  stream  flows  through  the  edge  of  the  town,  and 
)ni  this  some  water  is  taken  for  use  in  boilers. 

CAS8  RIVEB  VALLEY  SEOIOH. 
CASS    CITY. 

This  village,  with  a  population  of  1 ,21 2,  has  for  its  site  a  broad  grav- 
y  terrace  about  40  feet  above  the  ])ed  of  Cass  Kiver  and  has  behind 
to  the  north,  a  well-marked  moniinal  ridge.  The  gravel  gives 
>undant  water  in  dug  wells  a])()ut  20  feel  deep,  some  going  deeper, 
id  these  are  the  common  sources  of  supply  for  domestic  use. 

CARO. 

This  town,  with  a  population  of  2,20S,  is  located  at  the  foot  of  a 
eil-marked  morainal  ridge  upon  a  gently  slupin<(  or  nearly  flat  grav- 
ly  terrace  of  the  river  valley.  It  is  well  situated  for  the  development 
f  a  system  of  waterworks,  depending  on  gravity  for  the  distrihution 
t  the  water  from  a  properly  located  standpipe.  For  several  years 
ich  a  system,  owned  and  operated  by  a  private  eonipany,  has  been 
1  use,  the  water  being  pumped,  in  part,  at  least,  from  sp/ings  located 
cross  the  stream  opposite  the  town.  Kecently  the  suj)ply  has  been 
ugmented  by  drilhng  wells  into  iho  rock.  The  standpipe  is  situated 
Uhe  northern  part  of  the  town  upon  a  morainal  ridge  about  100  feet 
bove  the  principal  ])usin(^ss  street.  The  water  is  of  good  quality 
nd  that  from  the  springs  is  relatively  soft.  The  springs  have  their 
atchinent  areas  to  the  east  of  the  river  in  the  gravel  and  sand  ter- 
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races,  the  town  standing  on  the  w^est,  the  water  percolating  throngk 
the  gravel  and  sand  down  to  a  dense  clay  substratupi,  upon  whichit 
finds  its  way  until  it  reaches  some  place  where  streams  cut  thisii 
running  to  the  river,  when  it  flows  out  as  springs.  The  water  is  used 
for  all  purposes,  including  domestic  and  drinking,  but  there  areminj 
dug  wells  in  the  town.from  16  to  20  feet  deep  which,. upon  thegriTe! 
flat,  reach  through  the  gravel  to  the  top  of  the  clay  and  intercept 
some  of  the  water  moving  along  upon  it.  This  water  is  reported  ai 
soft  and  ])ure,  but  unless  care  is  taken  to  dispose  of  sewage  eventudly 
the  gravel  will  become  so  contaminated  that  the  wells  in  the  mow 
thickly-settled  parts  of  the  town  may  be  unsafe  to  use  and  will 
breeding  places  for  the  germs  of  various  diseases. 

The  following  is  the  record  of  the  deep  well  of  the  Peninsular  Sugar 
Company;  the  altitude  of  the  mouth  is  15  feet  above  Cass  River,and 
about  645  or  650  feet  above  the  sea  level: 

Record  of  Pen  insula  Sugar  Company's  uxU,  Caro. 


.Thickuess.!  Total 


I      Fra.     '   FfA-^ 

Drift  (sand,  pravol,  hardpan.  and  bowldors) l  113  W 

I/iinostono i  7  ,  1* 

Shale  ( hluo) I  25  1* 

Sundstono  ( vory  soft:  first  flow  of  water,  5(),()00  gallons  in  24  hours,  soft:  rose  5  1  '  ^ 

f(M»t  ahovo  tlorrick  floor) j  40  ® 

Llnu'stone j  5  2! 

Sandstone i  50  2 

Shalo.  i)lack 2  S 

Sandstone '  10  ' 

Shale 1 

Sandstoru" 29 

Streak  of  san<iy  limestone.                                                                                                i  '             I 

At  275  feet  a  flow  yielding  .'^50,000  gallons  in  24  hours  wasstnic^ 
The  water  lias  a  sliglit  mineral  taste,  leaving  a  sweet  aftertaste,  proO' 
ably  of  magiiesiunisulpliate.  The  well  is  8  inches  in  diameter;  t«mp^^ 
ature,  47°  V. 

VASSAH. 

This  village,  with  a  population  of  2.032,  is  the  third  importa-^ 
vall(\v  town  to  bo  considered,  and  like  Caro  is  located  upon  the  t^ 
races  of  Cass  River,  but  unlike  that  town  reaches  across  the  stre^- 
to  the  eastern  bank.  A  considerable  part  of  the  town  also  lies  up^ 
tlie  niorainal  ridge,  here  relatively  low  and  inconspicuous.  Tf 
ridge  is  covered  with  gravel,  and  hence*  is  more  permeable  thj» 
such  ridges  usually  are. 

The  village  owns  its  watcuworks  system,  the  water  being  derivr 
from  seven  drilled  flowing  wells,  which  average  about  200  feet  deef 
The  deepest  well  is  230  feet,  but  Ls  cut  oft*  at  200  feet.  At  the  dept 
of  about  125  feet  a  small  flow  was  struck,  and  this  increased  wit 
the  depth  until  it  reached  its  greatest  volume  at  175  feet,  when  tb 
flow  was  about  100  barrels  an  hour.     The  total  depth  of  one  of  tt 
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*r  wells  is  207  feet,  with  the  rock  surface  at  about  50  feet.  The 
er  rises  4  or  5  feet  above  the  surface  and  is  pumped  to  a  stand- 
5  on  the  ridge,  from  which  it  is  distributed.  It  is  relatively  soft, 
ng  only  a  slight  powdery  scale  after  prolonged  use  in  boilers. 
!  following  analysis  by  Dr.  R.  C.  Kcdzie,  of  the  agricultural  col- 
I,  was  made  about  the  time  the  system  was  installed: 

Ajialy^ijt  of  Vasmr  public  tuaier  HupplyA 

Parts  per  million 

1  solids 271. 43 

tile  at  ri»d  heat 71.43 

Tot^l  mineral  matter 200 

jral  composition: 

Calcium  (Ca) 65.49 

Carbonate  radicle  (CX),) 100. 82 

Sulphate  radicle  (SO4) 20. 16 

Magnesium  (Mg) , 6. 17 

Clilorine  (CI) 4. 32 

Sodium  (Na) 2. 82 

199.78 

atfis  and  nitrites None. 

ammonia , .05 

iminoid  ammonia .04 

dness  by  soap  test 85. 71 

nanent  hardness 57. 14 

Total  hardness 142. 85 

'he  amount  of  water  yielded  by  these  wells  is  about  110,000  gal- 
s  a  day.  Two  deep  wells  were  put  down  at  Vassar;  one  near  the 
road  junction,  which  has  a  depth  of  about  600  feet,  flows  a  con- 
arable  quantity  of  brackish  water,  which  has  been  bottled  and 
1  for  medicinal  purposes;  the  other,  which  was  put  down  as  a 
:  well  about  the  time  the  waterworks  were  established,  is  .467 
:  deep,  and  gave  salt  water  of  6  deo:rees  of  saltness.  This  well 
>  reported  to  be  plugged  and  a])andoned. 

)ug  wells  from  20  to  30  feet  deep  are  frequently  used,  furnishing 
icient  water  for  domestic  use,  and  private  drilled  wells  from  45 
200  feet  deep  are  not  uncommon.  ]\Iost  of  the  latter  flow  when 
ited  on  the  lower  terraces  of  the  river.  The  rock  water  is  gen- 
lly  softer  than  tliut  from  tlie  drift,  espec^ially  tliat  from  sand- 
Qe,  the  most  common  source. 

xpR»ssed  by  analyst  in  ^niins  jmt  i^'alloii  nnd  hypotliotical  c'<)ml)inations;  nromputCK.!  to  ionic 
and  parts  per  million  at  Unitfd  Siut<'s  (Jo<)logic'ul  Survey. 


154      WELLS   AND    WATEK   SUPPLIES   IN    SOUTHEBN    MICHIGAN. 

TUaCOLA. 

This  village,  witli  a  population  of  275,  lies  a  few  niiies  southwest 
of  Vassar  on  the  lower  terraces  of  the  river  valle3^,  here  somewhal 
sandy  and  relatively  narrow.  The  town  is  spread  over  both  banks, 
the  parts  being  connected  by  a  bridge.  The  general  source  of 
water  for  domestic  use  and  for  stock  are  shallow  dug  wells  from  12 
to  40  feet  deep,  th(»  most  common  depth  being  about  20  feet.  The 
water  usually  conu^s  from  strata  in  the  clay  which  underlies  the 
shallow  surface  sand  and  rises  within  6  feet  of  the  surface  in  some 
of  the  wells.  Th(»  water  Ls  hard  and  the  supply  constant  and  suf- 
ficient in  most  cjises  for  the  needs  of  the  owners. 

A  few  drilled  wells  on  tlie  higher  slopes  of  the  valley  yield  excel- 
lent ^i[)plies  of  somewhat  brackish  water  from  the  rock  at  about 
175  feet  in  depth.  A  drilled  well  at  the  north  side  of  the  village 
is  reported  to  be  175  feet  deep  in  sandstone,  the  rock  surface  being 
struck  at  40  feet.  This  well  ilows  several  gallons  a  minute,  ^ithi 
head  of  2  feet.  It  is  situated  on  land  80  feet  above  the  level  of  the 
river,  liigher  than  most  of  that  on  which  the  Ullage  is  located,  hence 
it  would  seem  probabh*  that  other  flows  could  be  developed  by 
going  down  into  the  rock.  The  rock  surface  was  reported  as  70  feet 
in  another  well,  but  as  it  appears  in  the  bed  of  the  river  a  short 
distance  northeast  of  the  town  it  is  probable  that  this  well  was  on 
higher  ground  than  the  flowing  well  above  <?ited. 

WJLMOT. 

This  small  village  is  situated  on  the  southern  edge  of  the  broad  ' 
sloping  plain  which  ris(\s  to  the  morainal  region  on  the  south.  The 
generally  sandy  or  loamy  character  of  the  soil,  and  the  fact  that  it 
is  underlain  by  day  at  moderate  depths,  makes  the  water  supply 
good  and  easily  obtained.  The  wells  average  about  20  feet  in  depth 
and  give  a  good  supply  of  hard  water,  which  is  not  easih'  exhaust^- 
No  rock  wells  have  been  j)ut  down  in  this  vicinity. 

DKKOKI). 

This  is  the  next  station  north  of  Wilmot  on  the  Pontiac,  Oxfot^^ 
and  Northern  Itailroad,  and  is  in  much  the  same  situation  as  \Vi|' 
mot.  The  plain  is  slightly  flatter  and  somewhat  sandier.  Water  ^^ 
obtained  from  shallow  dug  wells  at  about  the  same  depth  as  **^ 
Wilmot. 

SILVEHWOOI). 

This  is  a  small  village  on  the  Voro  Manjuette  Railroad,  on  tl^ 
soutluTU  border  of  the  county,  and  is  interesting  from  the  fact  tha. 
a  part  of  its  water  supply  is  obtained  from  flowing  wells  from  th^ 
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The  area  extends  southward  into  Lapeer  C-ounty,  forming  a 
l-sized  district .<»  The  few  w^ells  which  flow  in  the  village  are  about 
*ot  dee]).  Dug  wells  from  15  to  30  feet  d^ep  are  also  common 
ces  of  water  for  domestic  uses.  The  water  tank  at  the  railroad 
ion  is  filled  with  water  from  a  flowing  well  40  feet  deep. 

WATER  SUPPLIES  OF  GENESEE  COUNTY. 
TOIMKiliAPHY. 

onesee  County  lies  in  the  southern  part  of  the  district  tributary  to 
iiaw  Bay,  its  county  seat  being  at  the  city  of  Flint.  The  north- 
em  part  is  a  plain  which  was  covered  by  a  glacial  lake,  the  shore 
hich  enters  the  county  from  southwestern  Tuscola  County,  near 
middle  of  its  north  line,  and  nms  southwestward,  near  CUo  and 
ihing,  to  leave  the  county  west  of  the  latter  village.  There  are 
11  flowing-well  districts  on  the  plain  or  in  valleys  leading  into  it 
I  the  southeast.  A  prominent  morainic  belt,  the  continuation 
he  one  lying  south  of  Cass  Valley  in  Tuscola  County,  already 
ribed,  passes  across  Genesee  County  in  a  southwesterly  course  a 
t  distance  southeast  of  the  border  of  the  Glacial  lake  and  crosses 
t  River  at  the  city  of  Flint.  Southeast  of  this  morainic  belt  is  a 
1  in  wliich  one  of  the  best  flowing-well  districts  in  Michigan  (the 
ison  district)  is  located,  together  with  several  small  districts, 
and  south  of  this  plain  is  another  morainic  belt  with  a  few  small 
ing-well  districts  located  in  depressions  among  its  ridges.  The 
Pine  southern  edge  of  the  county  from  Fenton  westward  embraces 
eliy  plains,  with  numerous  lakes  and  marshy  depressions  separa- 
tlie  morainic  belt  just  mentioned  from  a  muchliigher  one  south  of 
Livingston  County. 

le  writer  gave  attention  principally  to  the  flowing-well  areas,  but 
informed  by  well  drillers  and  residents  that  throughout  the 
ity  wells  are  generally  ()])tained  at  moderate  depths.  The  deep 
i  are  mainly  along  the  western  morainic  belt  that  pjisses  near 
t,  and  there  they  seldom  exceed  200  feet;  wells  exceeding  100 
iu  depth  are  comparatively  rare. 

iroughout  the  county  a  clayev  till  is  the  j)redominating  deposit, 
beds  of  sand  and  gravel  from  which  wells  are  obtained  appear  to 
I  thin  strips  intercalated  at  various  levels  in  clayey  till.  The  bed- 
surface  is  from  50  to  '200  feet  or  more  below  tlie  drift  surface,  with 
verage  of  perhaps  100  feet  for  the  c(Minty. 

'*  l)is(Missr<|  l)y  Lrv.rod  ill  Wiitrr-Sui).  and  Irr.  1'jiikt  No.  IS'J. 
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PUBLICO  AND  PRIVATE  SUPPLIES. 

0TI8VILLE  DI8TBICT. 

Tliis  village,  which  stands  in  a  rolling  tract  in  the  northeastera  pan 
of  the  county,  has  a  public  supply  pumped  from  a  small  lake  into  reser- 
voirs in  case  of  fire,  but  this  supply  is  not  used  for  cooking  or  for 
manufacturing  purposes.  Dug  wells  are  the  most  common  source  of 
supply  and  are  shallow,  about  15  feet  de^p.  Driven  wells  are  from 
25  to  100  feet  deep,  an  excellent  supply  being  struck  at  about  60  feet, 
the  water  rising  in  some  places  within  6  feet  of  the  surface. 

The  following  data  of  two  recent  wells  that  struck  rock  have  beeo 
supplied  by  Grant  Parker,  a  well  driller  at  Otisville.  The  well  of 
C.  D.  Doan,  in  Otis\nlle,  reached  rock  at  158  feet  and  continued  to  220 
feet.  The  rock  is  sandstone,  and  the  water  in  it  rises  to  16  feet  bekwr 
the  surface.  The  well  of  Robert  Ilammill,  one-half  mile  north  of  Otis- 
ville, struck  rock  at  160  feet  and  entered  it  only  4  feet.  The  water  rises 
within  7  feet  of  the  surface. 

Southeast  of  Otisville,  at  the  Traver  schoolhouse,  in  sec.  26,  Forest 
Township,  a  boring  reached  a  depth  of  240  feet  ^^dthout  striking  rock. 
Sand  in  the  lower  part  of  the  boring  rose  in  the  pipe  and  prevented 
further  drilling.  The  altitude  is  perhaps  15  to  20  feet  lower  than  at 
Otisville,  or  not  more  than  800  feet  above  sea  level. 

At  the  gristmill  of  Mr.  Peter  Hart,  in  Otisville,  is  a  flowing  well  26 
feet  deep  which  has  a  head  of  2  feet  and  flows  3  gallons  a  minute.  The 
water  is  soft  enough  to  be  used  in  the  boiler  at  the  mill  without  forming 
any  scale.  This  well  was  put  down  in  1904  near  an  old  one  which  had 
formerly  flowed  but  had  become  clogged.-  The  elevation  of  the  sur- 
face at  this  well  is  about  20  feet  less  than  at  the  railroad  station. 

CLIO  DISTBICT. 

In  the  valley  of  Pine  Run,  east  of  the  village  of  Clio,  are  two  flowing 
wells  wliicli  were  not  visited,  but  were  reported  through  correspond- 
ence with  Mr.  Fred  Tinker,  of  Clio.  One  well,  in  sec.  13,  owned  by 
Fred  Tinker,  is  OS  feet  de(^p  and  ilows  1 .5  gallons  a  minute  with  a  head 
of  about  3  feet.  The  water  is  from  gravel  under  a  hard  clay.  A  weak 
vein  of  water  was  struck  at  13  feet.  The  well  shows  no  perceptible 
change  in  rate  of  flow  since  it  was  made  ten  years  ago.  The  other 
well  is  in  sec.  23,  within  a  mile  east  of  Clio,  and  is  owned  by  J.  ^• 
Valicjuet.     It  is  of  similar  depth  and  strength  to  the  Tinker  well. 

Dug  wells  in  the  vicinity  of  Clio  are  only  12  to  14  feet  deep,  too 
shallow  to  be  safe  for  continued  use,  on  account  of  the  danger  of  co^' 
tamination  from  the  surface.  Some  driven  wells  range  from  60  to  S^ 
feet  in  depth,  and  in  some  of  these  the  water  rises  nearly  to  the  sv*-^' 
face.  The  water  from  the  shallow  wc^ls  is  harder  than  that  from  t  J^' 
deep  ones. 
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MOHTSOSE  T0WN8HIF. 
MONTROSE. 

Water  in  Montrose  Township  is  mainly  from  dug  wells  20  to  40  feet 
lep.  Rock  is  struck  at  about  45  feet,  and  an  excellent  supply  of 
iter  is  obtained  from  it  at  about  65  feet.  The  water  rises  to  within 
I  or  18  feet  of  the  surface.  A  public  supply  for  sprinkling  and  fire 
•otection  only  is  obtained  from  dug  reservoirs. 
Near  the  bottom  of  the  valley  of  a  small  tributary  of  Flint  River, 
or  6  miles  southwest  of  Xlio,  in  the  northeast  comer  of  Montrose 
ownship  (T.  9  N.,  R.  5  E.),  is  a  group  of  six  flowing  wells  (see  fig. 
)).  The  water  in  these  is  excellent,  not  very  hard  and  with  Uttle 
on.  The  rate  of  flow  is  not  large  in  any  of  them,  but  is  sufficient  for 
le  owners,  who  use  it  for  stock  and  all  domestic  purposes.     The 

water  rise^  to  about  1 2  or  1 5  feet  above  the 

W.5E.  R.6C. 

^  ll      ,9  level  of  the  creek;  hence  further  develop- 

'""'^^^^^^\    \ — ^      ment  must  be  confined  to  the  area  below 

that  level,  wliich  is  only  a  narrow  strip 
along  the  creek. 

The  deeper  wells  for  a  mile  or  more  to 
the  west  were  reported  to  strike  water, 
which  rose  within  2  or  3  feet  of  the  sur- 

I'.,  j  ;         ll  I      face,  and  it  is  possible,  since  the  slope  is 

!  ^  \  II  ^'  I  in  that  direction,  that  still  deeper  wells 
would  strike  a  water  bed  with  greater  head 
and  flows  might  be  obtained.  Other  than 
his,  as  indicated  above,  there  seems  to  be  no  possibility  of  extension 
f  the  area  of  flows  except  in  the  valley  of  the  stream  at  points  inter- 
mediate between  those  where  they  are  now  present  and  beyond  to 
he  north,  quite  low  down  in  the  valley. 

The  sides  of  the  valley,  especially  a  broad  sandy  slope  on  the  west 
^de  of  it,  may  well  serve  as  the  intake  and  storage  reservoir. 
Fig.  29  is  a  sketch  map  showing  the  approximate  location  of  the 
ells  and  the  relationship  of  the  valley,  etc.  The  accompanying 
ible  trives  particulars  regarding  the  wells  of  the  area.  They  are 
btained  from  gravel  below  a  bed  of  tough  clayey  hardpan. 

Wells  ofMontroftc  area  (T.t)  N.,  It.  5  A'.). 


slope 


"iG.  29.  -Sketch  map  of  Montrose  flow- 
ing-well area,  Qcneseo  County. 
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BRENT   CREEK. 

In  the  vicinity  of  Brent  Creek  the  shallow  wells  are  20  to  30  fwt 
deep  and  are  dug.  The  drilled  wells  reach  100  feet,  and  the  water 
from  them  is  slightly  salty.  The  best  supply  of  water  is  obtaiiud 
from  75  to  100  feet. 

FLxrsHiiro. 

Flusliing  is  located  on  the  terraces  and  sides  of  the  valley  of  FKnt 
River,  in  the  western  part  of  the  county.  The  soil  is  generally  porous, 
and  the  border  plains  are  part  of  an  old  lake  plain. 

The  water  for  the  waterworks  is  pumped  from  the  river,  and  is  onh 
used  for  fire  protection,  sprinkling,  etc.,  and  not  for  drinking  and 
cooling.  Wells  were  put  down  350  or  400  feet,  but  struck  wat^r  too 
salty  to  use. 

Private  wells  are  the  source  of  supply  for  domestic  use,  and  are  usu- 
ally from  1 5  to  20  feet  deep,  finding  water  in  gravel.  Rock  is  stnick 
at  30  to  SO  feet ;  and  some  wells  have  been  put  down  into  it,  obtainiog 
good  supplies. of  rather  soft  water  at  about  100  feet.  The  deepest 
well  is  about  200  feet.  Water  rises  in  the  deep  wells  to  within  12  to 
16  feet  of  the  surface. 

FLDTT  TOWNSHIP. 
FLINT. 

The  city  of  Flint  is  located  in  the  valley  of  Flint  River  at  the 
mouth  of  Tliread  Greek,  a  southern  tributary.  The  public  water- 
works take  water  directly  from  Flint  River  above  the  town,  and 
pumj)  it  (iliiefly  for  fire  protection,  sprinkling,  and  manufacturing. 

Tlio  following  j)artial  analysis  shows  the  comi>osition  of  the  water 
in  the  deep  wells  in  the  streets  of  Flint.  This  water  is  highly  esteemed 
throughout  tlie  town,  and  is  supposed  to  be  of  medicinal  character;  the 
liigh  j)ercentage  of  salt  and  sulphate  constituents  are  its  most  notice-  ' 
able  f(»ature\s.  The  data  were  furnished  ])y  M.  O.  Leighton,  of  the 
United  States  (Jeological  Survey. 

Partial  onalifMis  <»/  tht  p-uvfl  nyittr  at  Flint  A 

Parts  per  mflU*- 

( 'olor 32 

Imn  (Fo) 1.2 

Clilorino  (Cl) 1,042 

Carlwn  dioxide  (( \\) 94-  3^ 

Sulpluir  trioxido  (SO,) 47S 

IlardiHvss  (as  C'a  ( 'oj) 139-T 

S.  J.  Lt^wis,  analyst.     Depth,  376  feot. 

The  valley  in  wliich  the  river  now  nms  is  partly  filled  with  coaJ^ 
dry  gravel  lying  directly  on  the  bed  rock,  which  ranges  from  about  ^^ 
feet  deep  near  the  level  of  the  river  to  70  feet  or  more  in  higher  par^* 
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le  town.  Tubular  wells  extending  into  the  rock  are  common. 
'  furnish  good  water  and  supply  many  of  the  residents, 
flowing  well  376  feet  deep  on  Saginaw  street  supplies  a  city 
dng  fountain.  The  water  is  mineral,  containing  among  other 
tituents  salt  and  hydrogen  sulphide,  which  gives  it  a  decided  taste 
odor.  It  Ls  very  largely  used  during  the  summer  months, 
i  the  Oak  Grove  Sanitarium  is  a  well  265  feet  deep,  with  a  large 
of  mineral  water.  The  following  analysis  was  made  by  Dr.  J.  E. 
k,  of  Detroit: 

Analyst  of  well  waier  at  Oak  Grove  Sanitarium,  Flint. o^ 

Parts  per  million. 

ni(Na) , 663.42 

sium  (K) 26. 64 

esium  (Mg) 42. 25 

im  (Ca) 128.  46 

bonate  radicle  (HCX)^) 365. 88 

iat«  radicle  (SO4) 165. 46 

ine((l) t 1,059.43 

and  alumina  (FejOsAl^Os) 9. 93 

(SiO.) Trace. 

jm Trace. 

2,461.45 

he  folloA^-ing   record  of   the   strata   passed    through   in  the  Oak 
^re  Sanitarium  well  was  furnished  by  Mr.  George  De  Witt,  of  Flint, 
drilled  the  well: 

Record  of  Oak  Grort  Sanitarium  wv//,  Flint. 

Ft.     iQ. 

CO  (mostly  {Travel) 33 

sandstone 85 

rock 8 

:  slate 10 

10 

2 

sandstone 15 

s  slate  (fine  day) 5       0 

8 

?  slate 9       6 

ur  ro<!k 7 

^late 16 

}  slate 6 

slate 28 

rock ' 67       0 

2(5,5       8 

t  a  schoolhouse  about  2  miles  south  of  the  city  limits  in  a  creek 
n'  on  the  Fenton  rojid,  at  the  scnitheast  corner  of  sec.  25,  Flint 

:prp8se<l  by  aniilystin  j^niins  jxt  irjilloii  an«lhy[)othoti('al  <-oinbinati(ms;   rct'oraput^nj  to  ionic 
ind  parts  per  million  at  \'niti-d  Stul<'s  rjcojopciil  Survey. 
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Township,  is  a  well  from  rock,  small  flow,  which  supplies  a  w 
ing  trough.    There  are  no  other  flowing  wells  in  that  locality, 
accompanying  table  gives  the  statistics  of  these  wells: 

WeUs  at  Flint. 


No. 


Owner. 


I  ' 


t 


1 

i 

1    c 

,  8 

f 

X 

\i 

•6 

k 

s- 

;  i 

S 

a 

a 

ux 

^ 

f 

Feet 

^Feet. 

Feet. 

'F. 

\  i  ' 


Qujility. 


Kii 


,  Feet. ' 


1  ■  25  I  School  district  a I  1900  j»20  ,  111  '  750   +1.33  ,  52.2  |  Iron:  soft.    ±70  I  Sand 


2  ;  25  '  Oak  (J n>ve  Sanitarium  fr. 200  .  265  1  73.7  1+8 


'  51 


Mineral 
j      water. 


33 


I 


«In  valley  of  cnt'lc;  flow.  1  pallon  a  minute. 

^  Used  for  baths  and  medicinal  puri>ose8;  flow,  7  gallons  a  mlnate. 

OTTERBURN. 

The  wells  in  this  vicinity  range  from  12  to  200  feet  in  deptL 
rock  is  struck  about  150  feet  from  the  surface,  and  is  reported  to 

a  good  supply  of  rather  soft  water, 
the  water  from  the  drift  is  hard, 
water  rises  in  some  of  the  deep 
wthin  3  feet  of  the  surface. 

RICHFIELD  AND  OSHSSEE  T0WK8H] 

Richfield  Township,  which  is  o 
eastern  border  of  Genesee  Couni 
rather  strongly  morainic  or  rollin| 
is  crossed  by  Flint  River.  The  si 
is  sandy  along  the  river  and  throu^ 
central  and  northern  sections.  ' 
are  very  strong  springs  along  the 
side  of  Flint  River  in  sec.  1,  one  of  y 
on  the  farm  of  R.  J.  AVlialey,  is  carried  by  hydrauUc  rams  t 
dwelling  and  barns.  It  issues  from  the  ])luff  as  a  4-inch  st 
Wells  were  generally  reported  as  shallow,  and  mostly  of  the  opei 
type,  although  some  are  tubular.  The  dei)th  was  said  to  be 
12  to  40  feet  or  more,  with  the  supply  and  quality  generally  go< 
Flows  occur  in  three  isolated  areas,  as  follows:  A  group  of  two 
on  the  farm  of  Peter  Cimmerer  on  NW.  \  soc.  30  (see  fig.  30) ;  a  i 
shallow  wtII  on  the  north  side  of  soc.  28  on  the  farm  of  J.  F. 
strong,  near  a  spring  in  a  i)asture,  and  one  on  the  north  side  of  s€ 
belonging  to  Dr.  J.  F.  Roemmer.  None  of  these  seem  favorably 
ated  to  make  any  marked  extension  of  the  present  developmen 
sible.  Those  on  Mr.  Ciinmerer\s  j)lace  are  in  a  shallow  vallej 
necting  with  one  of  the  tributaries  of  Flint  River,  and  it  is  pro 
that  along  ^^a  j^jvuiin  other  flows  u\\v!:V\t  \>c  sUwviXs.  *^  ^^O^a  ^« 


Fi<;.  .'{«».  -Slcetch  map  showing;  viillry  in 
which  flowinj?  well.s  oocur  in  ("Jeneser 
and  UichfleUi  townships,  (Jenesee 
Countv. 
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m  near  the  bottom  of  the  valley,  but  because  of  the  slight  head  it 
robable  that  they  could  not  be  obtained  on  higher  levels. 
)ther  probable  places  for  flows  were  noted  along  the  valley  of  Flint 
er,  but  as  the  houses  are  all  on  high  ground  above  the  river  no 
Is  have  been  sunk  to  test  the  matter.  I^everett  says:  ''On  the 
th  bluff  just  east  of  the  county  line  a  flow  has  been  obtained  at  a 
?1  of  50  feet  or  more  above  the  river.*' 

n  Genesee  Township,  which  lies  west  of  Richfield,  one  flowing  well 
1  been  obtained  near  the  Cinmierer  wells  and  in  the  same  valley. 
s  on  the  farm  of  C.  and  G.  Galing  in  the  NE.  J  sec.  25.  The  drain- 
'.  relations  are  shown  in  fig.  30. 

There  are  a  few  deep  tubular  wells  in  this  township  which  do  not 
►V.  One  on  the  farm  of  K.  B.  Todd,  in  sec.  11,  on  a  plain  about  60 
t  above  Flint  River,  is  222  feet  in  depth,  and  strikes  rock  at  194  feet. 
e  water,  as  reported  by  the  owner,  stands  50  feet  below  the  surface, 
^  temperature  is  50®  F.,  and  the  water  soft,  with  a  trace  of  oil  in  it. 
le  rock  resembles  a  grindstone  in  texture.  The  drift  is  largely  a 
rd, stony  clay.  Mr.  Todd  furnished  the  following  data  concerning  a 
Jl  at  the  schoolhouse  in  sec.  2  on  the  same  plain.  Rock  was  struck 
175  feet,  and  the  well  carried  to  a  depth  of  194  feet.  The  water 
mds  33  feet  below  the  surface,  and  its  temperature  is  50®  F. 

WdU  of  Richfield  and  Genesee  townships. 


Owner. 


1 
E 


0    a 


s  ^ 


25  >  V.  and  G.  OalinR. .    1890 

30  i  P.  C'immerer 1H06 

30  ' do 

2S  I  J.  F.  Cartwright . 


In. 
2 

1.-) 
1.') 


34  I  Dr.  J.  F.  Roem-    1.5 


^ 

£ 

d 

B 

2 

o 

1 

1 

P 

1 

Quality. 

Remarks. 

u       ::;      fo     .  H 

Feet. 

Feet. '  Fert. '  Oah.  °F. 

60 

T8.S    +3      i  0.5       51 

Hard 

Stock  use. 

a-) 

788    +1.5       .75  ,  51 

Hard:  iron 

House  well. 

A.m 

78.5    +1.5       .5    !.... 

do.... 

Stock  well. 

20 

800  ' 2           49 

1                        1 

In  pasture. 

50? 

DAVISOH  AKD  BUBTOH  TOWNSHIPS. 

A  flowing-well  area  lies  in  and  about  Davison  village,  in  the  north- 
n  part  of  the  towrship  of  Davison,  extending  southwest  into  Bur- 
n,  the  next  towiiship  to  the  west.  The  area  covers  approximately 
square  miles,  8  of  which  are  in  Davison.     (See  fig.  31.) 

DAVISON. 

Davison  village  and  tlio  ilowing-woll  district  about  it  is  situated  on 
?  plain  which  lies  on  tlic  western  or  ini  er  slope  of  the  inorainic  ridge 
mipg  southwest  ward  through  the  southeastern  j)art  of  the  county, 
rough  the  village  a  low,  sandy  spur  runs  i  (^arly  east  and  west,  the 
)  of  which  is  about  15  feet  higher  than  the  bottom  of  a  shallow 
earn  valley,  along  wliich  most  of  the  flowing  wells  occur, 

IJIB  JK'f—Oi} VJ 
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The  largest  number  of  welb  which  flow  is  in  Davison  vilkge,  oni 
Grand  Trunk  Railroad,  where  about  one-half  of  all  those  in  ihet 
tri^t  are  located.  The  whole  number  of  wells  recorded  b  151  Ai 
are  no  longer  floi^ing,  however,  but  were  noted  as  indicating  tkf 
sibilitie^  of  the  locality  for  properly  constructed  wells. 


Fig.  31.— Sketch  map  showing  flowing-well  district  in  Davison  and  Burton  townships,  G** 

County. 

The  water  comes  from  sand  or  gravel  strata  ranging  from  20  to  ' 
feet,  and  in  one  case  (Ij.  Raisin,  No.  24)  from  95  feet  below  the  gen^ 
surface.  A  largo  percentage  were  reported  as  less  than  40  feet  d^ 
As  in  all  districts  where  there  are  several  water-bearing  strata  ther< 
much  variation  between  the  depths  of  adjacent  welb,  owing  to  irrei 


FiQ.  32.— Diagram  Rhowing  prol>ablo  relationship  of  the  water  Iwls  across  i 

Township. 


8. 10  and  11,  DsT 


larity  in  the  thickness  of  the  strata,  apparently  in  some  such  man: 
as  is  shown  in  the  ideal  section  (fig.  32). 

This  water  is  of  about  the  same  quality  in  all  of  the  welk — rat 
hard  with  some  iron  present,  but  in  other  ways  excellent.  That  fr 
the  deeper  wells  seems  rather  less  impregnated  with  mineral  mal 


GENESEE   COUNTY. 


163 


iJxan  that  from  the  shallower  ones,  but  no  accurate  determination 
^as  made.  The  water  should  be  healthful  and  as  pure  as  groimd 
^ster  in  this  type  of  territory  ever  is. 

A  tough  hardpan  is  reported  as  generally  present  over  the  water- 
bearing strata,  which  were  said  to  be  usually  of  fine  sand  for  the  upper 
and  gravel  for  the  deeper  ones.     Mr.  A.  Armstrong,  however,  reported 


Pio.  33.— Plat  showing  distribution  of  flowing  wells  in  Davison  village,  Genesee  County. 

that  the  well  at  the  creamery,  66  feet  deep,  if  shut  off,  always  started 
roily,  and  when  first  put  down  discharged  more  than  a  wagon  load 
of  fine  sand. 

The  wells  in  many  instances  wore  reported  to  be  cased  down  into 
the  clay  for  a  few  feet  only,  and  but  few  of  them  had  sand  screens  on 
the  points. 
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The  deeper  wells  have  the  greater  head  and  the  stronger  flows, 
except  a  well  near  the  stock  yard  of  the  railroad  company,  which  wu 
reported  to  be  only  about  16  feet  deep  and  which  flowed  10  gaUcm 
per  minute  at  a  height  of  8  feet  above  the  ground,  quite  equaling  any 
other  well  visited.  The  well  of  Mr.  L.  Raisin  when  first  put  dowa 
was  said  to  have  flowed  over  the  top  of  32  feet  of  pipe,  and  while  now 
reduced  still  has  a  strong  head.  One  other  well,  that  of  J.  F.  Cart- 
wright,  the  first  to  be  put  down  to  70  feet,  was  reported  to  have  a 
head  of  about  30  feet  at  first,  but  slowly  fell  as  others  were  put  down 
and  is  now  below  8  feet.  The  30-foot  wells  are  all  apparently  d 
slight  head  and  small  flow. 

At  present  the  village  has  no  public  water  system,  and  fire  protw- 
tion  is  obtained  by  allowing  the  water  from  some  of  the  flowing  weDs 
to  run  into  reservoirs.  It  is  apparent,  however,  that  it  would  be 
possible  to  get  a  good  supply  for  public  service  by  putting  down.a 
few  wells  in  the  lowest  part  of  the  valley  to  the  depth  of  the  lowest 
stratum,  which,  being  least  used,  would  give  the  best  supply  and 
would  also  interfere  least  w4th  the  existing  weUs. 

The  well  of  Mr.  A.  Tenney  (No.  56)  was  on  slightly  higher  ground 
than  any  other  flow  and  proved  to  be  a  rock  well  115  feet  deep  and 
said  to  be  about  15  feet  into  the  shale  rock.  In  case  this  is  a  coireet 
record,  the  95-foot  well  of  Mr.  Raisin  is  probably  in  gravel  lying  on 
top  of  the  rock. 

Fig.  33  shows  the  location  of  wells  in  Davison  village;  the  data  an 
given  in  the  following  table : 

WeUs  in  Davison 


S3' 


Owner. 


A.  J.  .^.  SoeW 


3   do,.,. 

4   do 

5  Mr-  Uptogrult, 

6  _..,i3o..* 

7  .....do ..... 

8    do 

9    do........ 


n  JBrJcky 


■Rrd. 


12  , 

13 ,... 

14  j  (L  .M(x>iT. 

15  1  rr,Sop*F.. 


Cliiis.  ITiirtl 

L'liu^i.  liLnekniniT 

i do , , , 


is 


■  i 

:  s 


M 


s     * 


I  ■  1 1 S  :  i  :  I  i 


VM)4 
1HIJ4 


.  ift.   Ft.  ! 


Ff.     Ft.   Qai.  r 


•2 

i/si 
iV  :m 

ii;::: 


7:2  17:!  ,  7Ki    +1U       n{ 


<  an 

'  3U 


7H.-,  4-  I  , 

7S4  +  li 

7^4  +  1  ■ 

7Vi  0 

7M4  +  1}! 


I; 


Mi     T^i  .+  2i' 


il 


I  %     7R4  1+  li       i 


7>*2    ^  2 


7S8   +  1 

7»5  U  I 


i, 


I 

Iron '  Sand. . . 


I 


Iron:  lime. 


...do. 
...do. 


Flows  at  florfoce. 
Flows  in  cdbr. 

[Used  in  bolleri: 
does  not  «•■ 
badly. 

No  data. 
Do. 

Formerly  ft>*»^ 
more. 

Water  not  liiTd. 

Flow  has  decTBtfrf 
Flows  in  crock. 
Flows  in  oeUsr. 
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Owner. 


In. 


J.J.  Schweitzer..! '  2 

do 2 


.\.  Bird... 
L.  Raisin. 


'  E.  PetUs- 


.■  li 


Mrs.YeAms :..[  1 

Storehouse  of  ele- '  3 

vator  company. 
Grand  Trunk   — 

R.  R. 
do 


Warehouae. 


Wm.  Foote 

Davison  House '  2 

Store  buUding 

J. Smith ' li 

J.Tasgart ' ■  Ij 

C.S.lAicas 1903    1 

W.  Shoemaker . .  1902    1 


M.Smith 

II.  Welsh 

A.  1  .  J,_i:  ;.■_._  _. 

Mr«.  Feuti^ii 

Fimok  BUekman 


1902 
1902 
1902 


J.  F.  Carti*Tight.'. 
do 


Cartwright  (ele- 
vator). 

Cart^Tight  (old 
house  well). 

Sawmill 

.\.  Armstrong. . , 


H.  Newbaker. 


I 


Ft 


.$70 
'  60 


90 


40 


40 


783 


1;l 


Ft.   Oal. 
-  6?     1 

+  2 


Quality. 


Water 
l)ed. 


I  Iron*  lime.   Gravel. 
'      ..ao do.. 


+32!    4  ]49      Iron;  lime.   Gravel. 

i     I  i 


4-  1  i      i'lO    ' do.... I  Sand.. 


780   +  3  I      J  49 

780  ;+  7     10  m 


Hard . . 
do. 


4-  3        \  ....    Hard;iron'. 


liard:iron'  Gravel... 


Ilard ;  iron  Sand 

<lo do 

do 

do 


Gravel. 


Remarks. 


OeorgeHill i  i 

Mrs.Cottrell 1 

II.  C.  Dayton '  i 

J.Austen ' 2 

do 1 


\.  Tenncy ,...    2  ;11 


Wm.HaU I  ijL. 

C.J.  Adams 1904    2  ;  Cw 


Mr.  Johnson 1902    2 

Mrs.  Towar ij' 

S.Lane i H 

('.  N.Sallirk I  1W7    IV 

J.IIihbard I 

G.  Ha>'ne8 > 2 

L.  Shales 


Wm.  Travis 

Oeorgellall.... 

Barney  Cole 

L.  Olrford 


li 


7s«i    -^     J       i.TO.;,    Hard 

Hard:  iron 


:«»  '  7S.-,   4-  3 


\  . 


d) 

f'.'r 


In  cellar. 

At  bam;  flows  on 

ground  below  well 

mouth. 
No  data. 
Flow   controlled; 

8ftl<i  to  bare  over- 

fljiwo*!   a  aa-foot 

pipe  at  flrst. 
Used  for  irrigating 

garden. 
Do. 
Water   mostly 

wasted. 
Not  flowing  now. 

Piped  to  town 
drinking  foun- 
tain. 

Abandoned ; 
clogged. 

No  data. 

Both  in  basements. 

Flows  into  tank. 

Waste  runs  to  vil- 
lage reservoir. 


Lowered  by  No.  39. 

Do. 
Pioneer  well;  head 

4-30  feet  at  first; 

piped  to  house. 

In  cellar;  flow  de- 
ereaserl. 


Just  drops  now. 

Does  not  flow  now. 

Small  (low  at  30 
feet;  used  In  boil- 
er and  creamery. 

No  data. 


Small   flow:   pump 
well. 


Flows  at  bottom  of 
tank. 

Ro<'k Water  slightly  min- 
eral; ir»  foot  in 
rock. 

Intermittent.: 

Water  hardly  rl.ses 

above  surface. 

Incomplete. 

Too    hard   for 

laundry. 


7S.5  -»-   1        1    oO     j 

7><.'>  -I-  4    Hard;  iron ■  In  cellar 

780  -  6    ...., 

7Sf)  +2        V-'jO       Hard:  iron 

7W>  -u     i        J do 


(?V  791  0  il 

(V)?   786  +  .i  i.-iO       Hard;  iron 

(?)  I  786  -!-  3  i -)0.2 do.... 

(?)  I  786  +  .1  Jiri3      do.... 


Flows  in  bottom  of 
tank. 


Flowa  Itom  v^tk^. 
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OWTMT* 


Qo^tj' 


Wfttvr 


: 


TAd- 


ehmw. 
Kr,  Wagner 
F.  H,  McGreeRor 

J.DOftl 

Mm.  HU(vk ...... 

J,  F.  Cart  Wright. 
Mr.  CuininlJi|rs», , 


D.  Cotnji, 


H.Bouth  worth. 


In,  FL 

I 


.^ 


1870 


lam 


3 ;... 


:.* 

■I- 1 

+  a 

+  1 

+  I 


£0,3 
SO. 


HATdiiron 
....do. 


SO.  2 


....dp... 

....do--. 
..„4o... 


.do. 


«) 


7B7   +  4 
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VICINITY  OF  DAVISON. 

In  the  country  district  south  and  west  of  the  village  the  welb 
were  generally  reported  as  bored  by  the  owners  and  at  most  only  a 
single  length  of  pipe  used  for  casing.  This  method  of  putting  down 
makes  the  cost  of  construction  very  small,  but  it  is  not  conducive 
to  permanency.  From  the  varying  depths  at  which  water  was 
reportexl  in  this  part  of  the  area,  it  seems  likely  that  the  strata  are 
not  continuous  with  those  of  the  village,  nor  is  it  probable  that 
they  are. 

It  seems  probable  that  the  rolling  land  east  of  the  area  serves  as 
the  catchment  area  and  gives  the  head  necessary  to  make  the  welb 
flow.  The  diagram,  fig.  32,  and  the  sketch  map,  fig.  31  (p.  162),  show 
the  supposed  relation  of  the  strata  in  vertical  section,  and  the  approxi- 
mate position  of  the  wells  of  the  area  to  the  rolling  lands  to  the  east. 

In  sec.  29,  Davison  Township,  there  is  a  single  light  flow  in  the 
bottom  of  a  small  marshy  depression  in  the  moraine.  The  marsh  is 
but  a  few  acres  in  extent  and  surrounded  by  hills.  The  well  was 
remote  from  any  house,  and  no  data  were  obtained  regarding  it, 
but  from  the  way  it  was  constructed  and  its  location  it  was  evi- 
dently shallow.  This  was  the  only  flowing  well  in  the  township 
found  in  the  rolling  country. 


BURTON   TOWNSHIP. 


On  the  farm  of  A.  C.  Skinner,  3  miles  southeast  of  Flint,  in  the 
NE.  \  sec.  28,  in  the  valley  of  Thread  River,  is  a  tile  well  25  feet 
deep.  The  water  flowed  the  year  round  until  recently,  when  it  was 
purposely  shut  o%  and  now  in  a  wet  season  it  rises  4}  feet  above 
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surface  and  runs  from  the  spout  of  the  pump.  The  well  is 
it  5  feet  above  the  level  of  the  water  in  the  stream  and  25  feet 
w  the  level  at  which  any  of  the  neighboring  houses  stand.     This 

suggests  the  possibility  of  putting  down  other  wells  in  the  val- 
of  the  stream,  with  the  reasonable  expectation  of  getting  flow- 
water  from  no  great  depth. 
I  the  central  part  of  the  township  the  wells  are  conunonly  shal- 

dug  or  -bored  12  to  20  feet  deep.  One  tile  tubular  well  was 
►rted  to  be  50  feet  deep,  with  a  good  supply  of  water.  Doctor 
ses  well,  at  the  northwest  comer  of  sec.  16,  flows  from  the  rock, 
ih  is  said  to  be  75  to  80  feet  from  the  surface.  Below  20  feet, 
1  rock  is  reached,  water  is  rather  scarce  in  this  part  of  the  county. 
1  the  southeastern  part  of  the  township,  especially  in  sees.  23 

24,  water  is  abundant,  and  there  are  numerous  flowing  wells, 
ch  form  the  eastern  extension  of  the  Davison  area. 

SUMMARY. 


Tie  following  table  gives  data  of  the  wells  in  Davison  and  Burton 
Tiships,  exclusive  of  those  in  Davison  village,  which  are  given  on 
:es  164-166. 
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7.  SkeUii^ger,  b  driller  at  Davison,  states  that  the  Van  Tlfflin  weUft  ate  ^  Xo  ^K^  l«^t  ^<^«^«  ^Tc^^ 
mthMM  M  head  of  12  to  14  feet. 
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a  W'.  SkellinRer.  a  drill«T  nt  Davison,  states  that  the  Van  Tifflin  wells  are  30  to  40  feet  dwp.  Th« 
strongest  has  a  head  of  12  to  14  fwt. 

QAINES   AND    MXTNDT   TOWNSHIPS. 

SWARTZ    CREEK. 

The  village  of  Swartz  Creek  is  situated  on  the  side  of  the  ridge 
borderino;  the  valley  of  the  stream  of  the  same  name  and  is  about  20 
feet  above  it. 

In  the  village  the  wells  are  said  to  be  generally  shallow — from  1- 
to  30  feet  in  dej)th — the  water  coming  from  below  a  thin  layer  oi  | 
hardpan. 

The  well  of  Mr.  William  Clark,  on  the  broad  flat  terrace  of  th^ 
stream,  usually  flows  w  ith  a  liead  of  about  2  feet,  but  had  just  ceased 
wlien  visited  by  the  writer.  The  flow  was  said  to  be  a  small  one. 
The  well  is  about  25  feet  deep. 

From  tliis  single  w  ell  it  seems  likely  that  tubular  w^ells  put  dowti  ^ 
low  places  on  the  terrace  of  the  creek  would  give  flows,  and  especi*"- 
so  since  the  ridge  bordering  the  valley  gives  a  good  catchment  ^^^ 
and  head. 
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GAINES   AND   MUNDY    AREA. 


R.5E. 


T.  6  N.  R.6  E. 


JS  ^ 


#H!^ 


J 


^V  MUNDY    TWP. 

16 

7J 


17 


area  lies  2  to  3  miles  south  and  from  1  to  2  miles  east  of  Swartz 
ji  a  flat  trough  or  plain,  with  a  low  ridge  to  the  nojth.     (See 

) 

I  rock  and  drift  flows  occur,  but  the  drift  or  gravel  flows 
,  as  would  be  expected,  much  the  smaller  part  of  the  area.  No 
»t  was  made  to  get  a  full  list  of.  the  flowing  wells  from  the  rock 
e  townsliips. 

area  where  flowing  wells  occur  covers  only  about  1  square  mile 
entirely  without  features,  being  so  flat  that  little  difference  of 
in  be  seen  over  the  whole  of  it.  The  wells  are  shallow,  ranging 
0  to  12  feet  in  depth  at  the  western  end  of  the  area  to  40  or 

even  80  feet  in  other  parts,  though 
most  of  them  were  reported  as 
being  about  25  feet  deep.  The 
water  usually  flows  in  sufficient 
quantity  for  the  owners'  needs, 
but  a  few  wells  had  ceased  flowing 
or  had  become  so  feeble  that 
pumps  were  used.  This  seems  to 
indicate  that  the  catchment  is 
small  and  local,  being  affected  by 
the  local  weather  conditions,  the 
head  of  many  of  the  wells  being 
reported  as  less  in  the  sununer 
than  in  the  winter. 

The  water  is  medium  hard,  with 
a  small  quantity  of  iron  present. 
cat<jhment  area  may  bo  a  low  ridge  to  the  north  of  the  area 
the  largernumberof  wells  are,  or  it  might  be  any  tributary  higher 
ear  by,  since  the  head  is  so  low. 

k  wells  are  situated  around  the  border  of  the  area  of  drift  wells. 
»ck  surface  is  reported  to  vary  from  about  100  feet  in  most  of 
'ILs  to  180  feet  in  the  well  of  Mr.  J.  II.  Short,  in  which  the  rock 
a,rkably  deep  considorino;  the  showing  in  the  wells  on  either  side, 
ater  is  from  sandstone,  is  fresh  and  sweet,  is  usually  softer, 
•ks  iron  than  the  waters  from  the  drift,  and  the  supply  is  likeJy 
more  permanent  because  of  the  nuicli  greater  area  from  which 
iter  can  come.  Tlie  table  on  the  next  page  gives  data  relating 
i  group  of  wells. 
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Ma p  sliowing flowing  >* ells  In  the  CJaines 
Mimdy  area,  Genesee  County. 
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(iAINES. 


The  wells  at  Gaines  range  from  shallow  dug  ones  to  deep  drilled 
ones — from  120  to  195  feet.  Good  supplies  of  water  are  found  in  sand 
and  gravel  below^  clay  at  from  20  to  175  fe^t.  Rock  has  not  been 
reached  in  any  of  the  wells. 


URAND  BLANC. 

Grand  Blanc  village  is  located  in  a  rolling  district,  and  is  perched  on 
a  low  ridge  overlooking  the  valley  of  Thread  Creek.  Wells  on  the 
ridge,  to  obtain  permanent  and  sufficient  supplies  for  ordinary  use, 
have  to  be  sunk  into  the  rock  (w^hich  is  reported  as  being  from  160  to 
200  feet  below  the  surface)  to  a  total  depth  of  200  to  360  feet.  Shal- 
low wells  vary  from  25  to  70  feet  deep,  but  usually  do  not  give  good 
suppUes.  The  water  rises  in  the  deep  wells  to  within  25  feet  of  the 
surface.    On  the  edge  of  the  valley  on  the  east  side  of  the  town  ther» 
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ce  some  quite  shallow  wells.  A  well  of  Mr.  M.  Frazer,  bored  to  a  depth 
E  20  feet,  has  the  water  withm  3  or  4  feet  of  the  surface,  rising  from 
elow  a  thin  bed  of  hardpan.  The  locaUty  is  a  springy  one,  and 
nother  well  only  8  feet  deep  has  the  water  nearly  to  the  surface. 
3ie  well  on  the  place  next  south  of  Mr.  Frazer's  is  said  to  be  56  feet 
©ep,  partly  dug  and  partly  bored,  and  the  water  rises  to  within  4  feet 
t  the  surface. 

Springs  are  reported  to  occur  along  the  edge  of  the  valley  on  the 
orth  side  of  the  town. 

In  case  the  village  ever  attempts  to  incorporate  a  pubUc  system  of 
rater  supply  the  best  place  to  make  preliminary  tests  will  be  in  the 
mttom  of  the  creek  valley  at  as  low  level  as  possible.  The  test  wells 
rould  determine  the  best  location  for  a  pumping  station.  In  the  val- 
vy  the  water  would  be  more  likely  to  be  abundant,  land  would  be 
lieaper,  and  the  chances  of  getting  a  flow  either  from  the  gravel  or 
rem  the  rock  are  excellent.  The  water  could  be  pumped  to  a  stand- 
»ipe  in  the  highest  part  oiF  the  town  and  good  pressure  thus  assured. 

ABOSHTIHE. 

The  wells  in  Argentine  are  from  15  to  30  feet  deep,  usually  through 
.  clay  bed  into  water-bearing  gravel. 

TEHTOK  TOWNSHIP. 
LINDEN. 

The  village  of  Linden  is  situated  in  the  valley  of  Shiawassee  River, 
BOid  gets  a  considerable  part  of  its  domestic  supply  from  dug  wells  20 
to  35  feet  deep.  The  drilled  wells  are  from  75  to  175  feet  deep,  reach- 
ing rock  about  100  feet  from  the  surface.  The  quality  of  the  water  is 
good,  though  hard,  as  is  usual  in  the  region.     That  from  the  rock  wells 

is  reported  as  softer  than  that  from  the  dug  wells.     The  water  in  the 

rock  wells  rises  to  within  20  feet  of  the  surface. 

FENTON. 

Fenton  is  built  on  the  terraces  of  Shiawassee  River,  which  has  here 

cut  a  narrow  valley  in  the  bottom  of  a  line  of  glacial  drainage.     The 

pumping  station  is  on  the  bank  of  the  stream  at  the  lowest  possible 

level,  about  20  feet  lower  than  the  railroad  station.     The  water  is 

from  a  group  of  nine  or  ten  flowing  wells  with  slight  head,  ranging 

from  70  to  240  feet  in  depth,  the  majority  of  them  being  about  90  feet 

(ieep.     The  water  flows  into  a  brick  reservoir  of  about  50,000  gallons 

capacity,  from  which  it  is  pumped  at  the  rate  of  155,000  gallons  in 

twenty-four  hours,  in  spite  of  which  fact  there  is  a  constant  overflow 

into  the  stream.     The  pumps  are  connected  with  the  stream  in  case 

of  emergency;  although  the  wells  furnish  500,000  galloiva  a  day. 
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The  quality  of  the  water  is  excellent,  aiid  seems  less  hard  and  has 
less  iron  than  is  usual  in  supplies  of  this  sort. 

The  low  l^ottom  on  which  flows  are  obtained  being  subject  to  ov«- 
flow,  few  if  any  dwellings  have  been  built  on  it.  For  this  reason  the 
bottom  has  not  been  well  tested  for  flows,  but  it  seems  probable  that 
all  along  it  flows  might  be  obtained  near  the  level  of  the  river. 

The  larger  immber  of  these  private  wells  were  said  to  be  of  the  shal- 
low basin  type,  12  to  40  feet  deep.  The  water  in  those  from  the  rock 
in  the  countr}'  around  is  said  to  be  soft. 

ATLA8  TOWKSHIP. 
ATLAS    AREA. 

These  wells  occur  in  the  part  of  Atlas  Township  inunediately  adja- 
cent to  Oakland  County  on  the  slope  of  a  stream  valley  about  5  miles 
south  and  west  of  Goodrich,  just  east  and  south  of  a  low  ridge.  This 
flowing-well  area  is  practically  continuous  with  the  Groveland  area  in 
Oakland  County.  The  Atlas  area  is  a  small  one,  containing  about  1 
square  mile,  with  six  wells,  one  of  winch  is  from  the  rock.  The  drift 
wells  are  noticeably  deep,  and  seem  to  come  from  near  the  top  of  the 
bed  rock.  The  water  probably  rise^  out  of  the  rock  and  accumulates 
under  the  overhang  clay  in  a  sand  and  gravel  stratum  lying  on  top  of 
the  rock. 

There  seems  to  be  a  locally  developed  shallow  stratum,  with  slight 
head,  in  the  eastern  part  of  sec.  83,  where  two  wells  (one  abandoned) 
of  small  flow  from  20  feet  do^^ai  were  reported. 

WeJlM  in  Atlas  area  (J.  6  A'.,  R.  8  E.). 
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a  Piped  to  house,  horse  bum,  and  bamyanl.    Mr.  Rics  formerly  had  a  well  in  the  low  part  d  ^ 
garden  20  feet  dwp,  with  a  small  flow  of  2  feet  head, 
ft  l/0cate<l  in  springy  place  In  the  woods. 
c  Flows  just  aoovc  tho  surface;  piped  to  bam  and  flows  there  a  )-inch  stream. 
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The  village  is  situated  in  Atlas  Township  in  a  rolling  district  on  tl^^ 
side  of  the  valley  of  Hartley  Creek,  which  is  dammed  at  this  point  f  ^^ 
power  purposes. 
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rhe  wells  are  said  to  be  mainly  shallow,  from  20  to  30  feet  deep. 

ey  are  dug  or  of  the  tile  basin  type,  and  have  abundant  hard  water 

good  quality. 

There  are  several  rock  wells  in  and  near  the  village  in  which,  gener- 

Y,  the  water  rises  within  8  to  15  feet  of  the  surface.     The  water 

nes  from  a  fine  gray  sandstone,  and  is  of  good  quality,  with  some 

neral  matter,  mainly  iron,  in  it.     It  is  softer  than  the  waters  from 

5  gravel  above  the  rock.     Doctor  Whelock's  well  is  1 7 1  feet  deep,  40 

50  feet  into  the  rock,  and  the  water  stands  14  feet  below  the  surface. 

e  deepest  rock  wells  are  said  to  be  over  200  feet. 

rhe  well  at  the  schoolhouse,  235  feet  deep,  is  105  feet  into  the  rock. 

lows  2 i  gallons  a  minute,  2\  feet  above  the  surface.     The  water  has 

emperature  of  51°  F.  as  it  flows  from  the  pipe,  is  slightly  saline,  and 

I  considerable  iron  in  it.     The  well  was  drilled  about  1898,  at  a  cost 

$91. 

rhis  well  is  on  ground  high  enough  to  make  it  seem  probable  that 

>d  flows  could  be  secured  in  other  parts  of  the  village  by  going  down 

the  same  stratimi. 

The  stream  and  pond  at  this  place  suggest  the  practicability  of 

turing  water  for  fire  protection  easily  and  cheaply,  and  eventually 

5se  sources  of  supply  will  probably  be  utilized  for  the  purpose. 

ATLAS-HADLEY    AREA. 

Phis  area  occupies  a  valley  that  lies  between  morainic  ridges,  arid 
ibraces  perhaps  10  square  miles  in  the  townships  of  Atlas  (Genesee 
unty),  Hadley  (Lapeer  County),  and  Brandon  (Oakland  County). 
?e  fig.  35.)  The  Ortonville  and  Brandon  Township  flows  are  near 
south  end  and  are  treated  separately"  because  of  their  great  devel- 
ment.  From  Ortonville  the  flows  extend  as  far  as  Hadley,  Lapeer 
unty,  7  miles  to  the  northeast,  appearing  at  frequent  intervals 
mg  the  valley  and  the  lower  part  of  its  slopes. 
The  area  includes  six  or  seven  wells  in  Atlas  To^v^lship,  and  at  least 
:ht  in  Hadley  Township,  and  there  may  be  some  which  escaped 
tice  in  both  of  these  townships.  The  number  in  Brandon  Town- 
ip,  which  should  properly  be  included,  is  about  100. 
It  is  probable  that  in  many  places  in  the  lower  parts  of  the  valley 
ws  could  be  obtained,  but  because  of  the  undrained  diaracter  of  the 
1  and  the  scattered  population  of  the  district  there  are  relatively 
.V  houses  at  low  enough  levels  to  be  within  the  limits  of  flow.  The 
?t  that  the  porous  trravels  along  the  sides  of  tlie  valley  yield  good 
pplies  of  water  for  sliallow  wells  does  away  wath  tlie  necessity  of 
itting  down  deep  ones.  Along  the  road  between  sees.  15  and  16, 
adley  Township,  is  tlio  trreatest  development  of  any  place  in  the 


aS<»e  Wator-Sup.  and  Irr.  PajK-T  No.  182,  pp.  184-187. 
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area.  Here  the  first  well  to  flow  was  a  dug  well,  in  which,  at  the  tin 
of  construction,  in  the  early  sixties,  the  water  rose  so  rapidly  that  th 
bottom  had  to  be  choked  with  stones  to  enable  the  owner  to  hsni 
walled  up.  This  well  is  still  flowing  several  gallons  a  minute  into i 
tile  drain. 


R.  a    E.  -    ^   E^ 

Ki(r.  .'i.5.— Sketch  inaj)  of  the  OrtonvUlc,  Iladley-AtUs,  Groveland,  and  Athu  flowing^well  aretf. 

At  ITadley,  the  well  on  tlie  school  grounds,  147  feet  deep,  is  14  feel 
into  the  rook,  and  flows  just  above  the  surface.  North  of  Hadley  n( 
f lo wi  ng  wells  were  found .  The  well  of  Mrs.  Jones,  in  the  northern  ptfi 
of  sec.  22,  JTadley  Township,  was  reported  as  284  feet  deep,  withrocl 
at  274  feet.  It  passed  through  50  feet  of  till  at  the  top,  and  whit^ 
sand  thence  to  the  rock. 
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Ipring  boxed  in  woods  with  spout  to  trough. 

lowed  until  within  two  montlis  when  it  lowered  4  inches  and  is  now  pumped;  flows  at  bam. 

Fsed  to  flow  4-inch  stream;  very  small  flow  now. 

'irst  flow  of  the  areA;  dug  well;  partially  filled  with  stone  to  checlc  overflow. 

'  ould  flow  at  surface,  but  is  pumped. 

rom  a  near-by  spring;  used  for  watering  stock. 

limped  at  bam,  but  piped  to  stock  trough  on  hillside  and  flows  there. 

a  pasture;  piped  to  farmhouse. 

IpBd  to  bam.  where  it  flows. 

and  55  feet,  clay  10  fteet,  gravel  with  water  at  bottom. 

Iped  to  bam.  where  it  flows. 

lows  at  bam;  water  at  118  feet  in  gravel;  best  flow  from  rock. 

WATER  SUPPLIES  OF  LIVINGSTON  COUNTY. 
TOPOGKAPHY. 

Livingston  County,  of  which  Howell  is  the  county  seat,  is  west  of 
kland  County.  The  interlobate  morainic  system  which  traverses 
kland  County  centrally  from  northeast  to  southwest  passes  across 
southeastern  part,  and  Huron  River  traverses  it  in  a  southwesterly 
iirse  about  on  the  line  between  the  Saginaw  and  Huron-Erie  por- 
ms  of  the  interlobate  system.  There  are  numerous  lakes  along  the 
er  and  in  the  moraines  on  either  side.  From  this  interlobate 
)raine  there  is  northwestward  drainage  to  Cedar  and  Shiawassee 
ers.  The  former  drains  the  western  part  of  the  county  to  Grand 
ver  and  thence  to  Lake  Michigan,  while  the  latter  drains  the  north- 
1  part  of  the  county  northward  into  Saginaw  Bay.  The  north- 
stem  part  of  the  county  is  occupied  by  a  much  smoother  tract 
in  the  southeastern,  though  feeble  moraines  are  traceable,  and 
?re  are  several  gravel  ridges  or  eskers  which  lead  up  into  the 
erlobate  moraine. 

Wells  are  obtained  throughout  the  county  at  moderate  depths, 
iially  without  reaching  the  rock.  A  number  of  wells,  however,  in 
?  northwestern  portion  have  been  sunk  a  short  distance  into  the 
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rock,  which  is  reached  at  about  100  feet.     This  part  of  the  countri 
embraced  in  the  discussion,  by  Doctor  Lane,  of  the  r^on  i 
Lansing.'* 

SUPPLIES  BY  DISTRICTS. 

HOWELL. 

The  town  of  Howell  is  situated  on  a  gently  undulating  plain  neartl 
geographic  center  of  Livingston  County.     To  the  south  is  a  depn 
area,  in  tlie  bottom  of  which  are  marshes  and  several  small  lakes. 

W^ATERWORKS. 

Howell  has  a  waterworks  system,  which  obtains  its  supply  from  i| 
group  of  ten  6-inch  tubular  drilled  wells,  located  in  a  shallow  drainage 
valley  near  the  Pere  Marquette  Railroad  station,  in  the  western  part  of 
the  town.  These  wells  have  been  in  use  since  1894,  and  the  water  is 
said  to  come  from  gravel,  lying  at  a  depth  of  65  feet  below  the  surface, 
and  to  rise  to  withinafootof  the  surface  when  thepumpsare  not  in  oper- 
ation. When  pumped  at  the  rate  of  600  gallons  a  minute,  the  water  is 
lowered  7  or  8  feet,  but  at  the  usual  rate  of  pumping  during  the  sum- 
.mor  season  (from  275,000  to  300,000  gallons  in  twenty-four  hours)  the 
lowering  is  only  4  feet.  The  supply  was  said  to  show  some  signs  of 
failure,  but  this  is  attributed  to  the  tendency  of  the  strainers  to  become 
clogged,  as  all  the  wells  show  this  tendency  after  a  few  months  of  use, 
and  unless  the  wells  are  frequently  sand  pumped  the  supply  is  reduced. 
The  supply  is,  however,  adequate*  for  all  the  present  demands,  and  the 
water  is  of  good  (luality,  though  hard  and  containing  some  iron.  It  is 
used  for  fire  protection,  lawn  s])rinkling,  for  boilers,  and  for  general 
(l()nu\sti('  purposes. 

(I)  Tlu^re  are  many  shallow  dug  wells  in  Howell,  which  are  used 
commonly  as  sources  of  drinking  water  and  as  domestic  supply.  The 
depth  of  these  wells  ranges  fi'om  15  to  50  feet  and  the  water  is  gen- 
erally less  hard  than  that  of  the  city  supply  described  above. 

FLOWING    WELLS. 

In  the  southeastern  part  of  the  town,  in  one  of  the  areas  of  marsh 
land  mentioned  above,  is  a  group  of  flowing  wells  (see  fig.  36)  of  slight 
head  and  generally  small  flow,  which  forms  the  largest  group  of  this 
type  in  the  county. 

From  their  situation  in  relation  to  the  higher  lands  around  it  is  diffi' 
cult  to  determine  whether  the  sounres  of  supply  for  this  area  are  in  th^ 
moniinal  hills  and  sandyslopes  to  the  southor  in  the  longj  rather  sandy 
sloj)e  to  the  north,  as  either  or  both  might  contribute  water.  The 
small  flows  and  slight  head  would  indicate,  however,  that  there  ^ 

a  See  Water-Sup.  and  Irr.  Paper  No.  JSli.  pp.  171V-17'). 
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?r  a  small  catchment  area  or  one  in  which  the  ])orosity  is  too  slight 
ield  any  considerable  amount  of  free  water.  The  general  con- 
cation  of  the  locality  and  direction  of  drainage  seems  to  favor  a 
hment  area  to  the  south,  where  the  area  of  porous  soils  is  more 
Led  than  to  the  north. 

tie  obtainable  records  of  wells  put  down  in  this  locality  indicate 
there  are  two  water-bearing  strata  generally  available.  The 
3r,  of  about  1  foot  in  thickness,  is  a  coarse  sandy  gravel,  which 
Is  a  good  supply  of  water  at  depths  vary-ing  from  6  to  12  feet. 
;  is  usually  capped  by  a  clay  bed,  and  the  water  has  sufficient  head 
ive  slight  flows  at  or  slightly  above  the  surface.  The  usual  prac- 
is  to  shut  off  tliis  vein  and  go  down  to  the  lower  one,  a  wise 


,    5Vopc   to    moraina^    hith 


Approxfmatt  tgrxfer  of  drstned  marsh 


Fig.  36.— Plat  of  portion  of  Howrll.  Liviimston  county,  showing:  flowiriK-wfll  district. 

!tice,  since  there  is  no  general  sower  system,  and  tlie  chances  of 
amination  from  cesspools,  etc.,  are  considorahlc  under  existing 
litions.  The  only  wells  obtaining  their  supply  from  this  vein 
those  of  Mr.  Charles  Arnold  and  his  neiglibor  across  the  street, 
he  lower  water-bearing  stratum  is  from  40  to  ()0  f(»et  below  the  sur- 
and  is  of  unknown  thickness.     It  is  covered  by  a  thick  bed  of  blue 

so  free  from  stones  as  to  be  easily  bored  through  with  the  small 
?r  commonly  used  in  sinking  tlie  wells,  and  so  compact  that  usually 
asing  is  used,  except  enough  to  shut  of!  the  water  from  the  upper 
.  In  most  of  the  wells  this  water-bearing  gravel  is  said  to  be 
te,  rather  coarse,  and  free  from  sand.  The  water  is  hard,  with 
dderable  iron  in  it. 

IKR  183— 0(> 13 


178      WELLS   AND   WATER   SUPPLIES   IN   SOUTHERN    MICHIGAN. 

The  valley  extends  east,  west,  and  southwest,  but  at  present  is  not 
inhabited,  because  of  it«  marshy  character.  Wherever  the  surface  is 
sufficiently  low  the  conditions  would  seem  to  be  favorable  for  find- 
ing flows,  eitlier  from  the  stratum  from  which  the  present  supply  is 
obtained  or  at  a  greater  deptl?]?  and  as  the  marshy  area  becomes 
settled  the  j)resent  area  of  flows  may  be  extended. 

The  only  other  flowing  well  near  Howell  is  that  on  the  farm  of 
E.  P.  Gregory,  in  sec.  2,  Marion  Township.  This  is  a  bored  well,  said 
by  Mr.  (iregorv  to  be  34  feet  deep,  but  by  the  driller,  Mr.  Andrew 
Feeley,  from  memory,  to  have  the  following  record : 

Reconh  of  K.  P.  Greffory^s  weQ,  Marion  Townsftip. 

DRILUnrs  UKCOHD.  MR.  GREGORY'S   RECORD. 

Total  (feet),   j  Total  (fM). 

Sand 12  j  Sand  and  gravel 7 

Clay,  vorv  stony 57  |  Tough  blue  clay 33 

( 'lay 67  !  Water  gravel ;  strong  flow M 

Water  jjnivrl:  stnin^flow. 

This  well  is  situated  20  feet  above  and  60  rods  north  of  Shiawassee 
River  on  tlu*  slope  of  a  well-marked  drift  ridge.  The  head  is  about 
7  feet,  and  the  flow,  as  arranged  at  present,  is  about  1 2  gallons  a  minute. 
The  water  is  liard  and  with  considerable  iron,  but  of  excellent  quality. 
It  is  us(»d  to  cool  milk,  to  water  stock,  and  for  all  domestic  purposes. 

From  tlie  situation  of  this  well,  so  nmch  above  the  stream  level,  it  is 
j)r()bal)le  that  the  side  of  the  valley  farther  down  the  slope  would 
yield  flows,  but  there  an*  few  residences  in  the  neighborhood,  and 
tlicvse  are  all  on  liigher  ground,  while  the  pastures  bordering  the  stream 
are  sufFKnt^ntly  watered  to  make  the  sinking  of  wells  unnecessary. 

Mr.  W.  S.  Papworth,  in  putting  down  a  well  some  sixteen  or  eighteen 
years  ago,  struck  a  small  flow  of  gas  in  the  sand  under  the  upper  clay. 
AVhen  first  struck,  the  gas  was  said  to  bum  at  the  mouth  of  the  pipe 
with  a  flame  "as  large  as  a  barrel."  The  ga^  was  piped  to  the  house 
and  supplied  a  singh*  burner  for  six  montlis  with  sufficient  gas  to  give 
a  constant  bright  flame.  The  sand  constantly  clogged  the  well  so  that 
the  wat(T  could  not  b(»  pumped,  and  the  well  was  finally  abandoned 
and  filled  up.  The  gas  was  in  all  probability  '^  marsh  gas,''  which  in 
SOUK*  way  had  accumulated  in  the*  sand  as  the  result  of  decaying  vege- 
tation in  the  n(»ighboring  marsliy  area. 
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eet:  sand,  15  feet;  blue  clay,  20  feet:  reddish  hardpan,  5  feet:  water  gravel  at  bottom, 
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cted  by  pumping  Arnold's  well  across  street.    Sand.  8  feet;  clay,  26  or  27  feet. 
im,  2  feet;  clay,  S5  feet. 

p.  but  would  flow  if  owner  cut  down  to  head  and  deepened  slightly. 

mdy  soiU  feet;  clay,6feet;  gravel  with  water,  1  foot;  blue  clay  to  40  feet.    The  lower  gravel 
ite,  and  has  little  sand;  more  than  4  feet  thick. 
'  in  group,  but  runs  into  tank. 
ist  below  surface;  flows  into  basin. 

llowing  are  partial  analyses  of  the  public  supply  and  a  shallow 
lowell.  The  city  water  has  to  be  mixed  with  rain  water  from 
for  use  for  laimdry  purposes.  The  data  were  furnished  by 
jighton,  of  the  United  States  Geological  Survey. 

Partial  analyses  of  well  waters  at  Howell. 
[Parts  per  million.] 


Ide  (CO»)  . . 
)xide  (SOi) 
s  CaCOa) . . 


51 
2 
11 

89.; 
10 
+  139 


05 
2 

27.6 
1.TO.96 

51 
322 


».  analyst.     I.  William  Barrett;  dopth.  38  fwt:  wator  at  LS  fw^t.    2.  City;  depth,  68  feet. 
PINCKNEY  AREA. 

trea  consists  of  a  group  of  three  wells  in  a  shallow  valley  H 
^t  and  2  miles  north  of  the  village  of  Pincknoy. 
wells  are  about  60  feet  deep,  and  flow  2  or  3  gallons  a  minute, 
•ove  the  surface. 

cplorations  were  known  to  have  been  made  to  determine 
tjiis  area  can  be  (^xteiulod,  but  it  seems  probable  that  it  could 
3  east,  toward  Hay  Crock. 
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OOHOOTAH  ASSA. 

Colioctah  Center  is  a  small  village  located  on  one  of  the  brand 
Shiawassee  River.  The  houses  generally  stand  on  a  sandy  t^ 
10  or  15  feet  above  the  level  of  the  stream,  and  water  is  obtained 
shallow  dug  wells. 

Near  the  stream  level  are  three  tubular  wells  which  flow  (fig 

but  the  quantity  is  small  an 
head  slight,  so  that  at  one  > 
basin  has  been  built  into  y 
the  water  flows  and  anothe 
been  fitted  with  a  pump, 
cost  of  one  of  these  wells  0 
was  but  $4.50.  The  indici 
are  in  favor  of  a  possible  gi 
development  along  the  vail 
the  stream  if  conditions  si 
arise  making  this  desirable, 
also  quite  probable  that  d 
wells  would  «:ivo  larger  flows  with  greater  head.  These  wells 
bored  with  an  author.  The  accompanying  table  gives  the  stal 
of  these  wells  and  fig.  37  shows  their  approximate  location: 

Wells  in  Cohodah  area. 


Fig.  37.— Sketch  map  of   Cohoctah   flowing-well 
an'a.  Livingston  County. 
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n  This  well  had  just  c«*a«'d  flowing.    Sai<l  to  flow  during  the  wet  part  of  the  year  over  the  end 
which  is  cut  off  near  the  surface  of  ground. 

Cohoctah  station  is  situated  on  the  Ann  Arbor  Railroad,  abo\ 
level  of  the  old  village.  It  has  shallow  dug  wells  from  23  to  67  f 
depth,  the  usual  depth  being  about  50  feet.  The  water  in  them 
from  a  gravel  bed  to  witliin  18  to  23  feet  of  the  surface.  The  wa 
hard  and  has  considerable  iron  in  it. 


BEERFIELB. 


About  2i  miles  east  and  1  mile  north  of  Oak  Grove,  on  the 
side  of  sec.  29,  Deerfield  Township,  is  the  sawmill  and  cider  n 
Wm.  H.  Wenk.     This  is  placed  on  the  edge  of  the  terrace  of  a  sw 
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LBey  running  oflF  to  the  north,  and  at  the  foot  of  the  terrace,  in  the 
■der  room  of  the  mill,  is  a  well  72  feet  deep,  which,  if  it  were  not  shut 
g|  would  flow  the  full  size  of  the  pipe.  The  water  comes  from  a 
Hlltum  of  sandy  gravel  11  feet  thick,  and  has  a  head  of  16  feet.  It 
iitt  put  down  in  1896  by  the  owner,  who  furnished  the  following 
■lord: 

^  ^  Record  of  Wenk  flowing  welly  near  Oak  Grove. 


Total. 


Mud  gravel 

Bmgrmveiwith  sand. 


Feet. 

6 
70 
72 
83 


^The  pipe  was  drawn  back  to  the  top  of  the  water-bearing  stratum. 
pe  water  was  not  hard,  and  had  a  temperature  of  51°  F.  A  bored 
pMl  at  the  house  of  Mr.  Wenk,  across  the  road,  showed  nearly  the 
ipne  section,  except  that  there  were  22  feet  of  sand  before  the  gravel 
Hw  reached.  This  well  is  on  high  ground,  and  the  water  rises  in  it 
Nkhin  about  7  feet  of  the  surface. 

It  is  quite  probable  that  other  flows  might  be  obtained  along  the 
ides  of  the  valley  to  the  north  by  going  down  to  the  level  reached  by 
be  Wenk  well.  With  the  large  head  and  thick  water-bearing  stratum 
here  should  be  abimdant  water  with  which  to  use  a  hydraulic  ram  or 
rater  motor  for  elevating  water  thus  found  to  buildings  at  higher 
Bvels,  but  as  yet,  so  far  as  learned,  no  other  attempt  than  Mr. 
Venk's  has  been  made  to  strike  a  flow  in  this  vicinity. 

HABTLAKD   ABSA. 

Beginning  a  short  distance  west  and  south  of  Hartland  post-office 
nd  extending  northward  along  a  swampy  valley  drained  by  one  of  the 
Dinor  branches  of  Shiawassee  River  are  four  or  five  flowing  wells. 
?he  limits  of  the  area  are  as  yet  undetermined,  because  of  the  sparse 
lopulation  and  the  general  location  of  the  houses  and  farm  buildings 
ipon  the  higher  groimd,  but  it  is  probable  that  flows  would  be  struck 
n  both  directions  along  the  valley  beyond  the  present  wells.  The 
lows  are  from  tubular  wells,  are  rather  weak,  with  slight  head,  and 
present  no  phases  of  general  interest.  Their  approximate  location, 
ind  the  area  of  the  basin,  as  at  present  developed,  is  shown  in  fig.  38. 

On  the  farm  of  J.  B.  Crause,  sec.  17,  T.  3  N.,  R.  6  E.,  Hartland 
Township,  about  a  half  mile  west  of  Hartland  post-office,  is  a  remark- 
able spring,  really  a  natural  artesian  well,  although  now  given  an 
improved  outlet  by  the  owner.  It  is  located  near  to  and  east  of  the 
house  and  12  or  15  rods  south  of  the  road,  below  the  edge  of  the  highest 
terrace  of  a  marshy  valJej.     The  natural  outlet  of  the  spT\i\?;\i«i^\i^«v^. 


182      WELT/^   AND    WATER   STTPPLTE8   TN   SOUTHERN   MICHIGAN. 

dug  out  to  a  depth  of  1 1  feet,  down  to  the  water-bearing  stratum 
fine  gravel,  and  walled  up  with  stone  laid  in  cement,  to  a  height 
about  6  feet  above  the  surface.  The  water  rises  to  the  top  of  tl 
cistern  and  flows  out  in  three  streams;  one,  a  waste  pipe  1  inch  a 
diameter,  is  allowed  to  run  full  into  a  ditch  to  the  stream  valley, 
second  pipe  1^  inches  in  diameter  runs  into  a  cooling  tank  in  the 
house,  and  a  third  pipe  runs  a  hydraulic  ram  which  pumps  water  to  ill 
house  and  barns.     The  waste  water  from  the  milk  house  runs  thioq^ 

a  series  of  watering  troughs  in 
barnyard  before  it  is  allowed  to  f 
to  waste.  Besides  these  outletB, 
considerable  quantity  of  water  n 
off  through  cracks  in  the  cement  ii 
stonework  near  the  top  of  the  dsta 
The  entire  outflow  from  this 
can  not  be  much  less  than  20  gaDa 
a  minutei,  as  the  quantity  received  i 
the  milk  house  is  about  8  galkmi 
While  the  improvements  were 
made  on  the  natural  spring  the  water 
was  carried  off  at  a  low  level  by  ditd 
Simultaneously  some  of  the  wells  to  tb 
northwest  are  reported  to  havestopped 
flowing,  thus  suggesting  an  underground  connection  with  the  welt 

WeUs  of  Flartland  area. 


Fig.  38.— Sketch  map  of  Hartland  area. 
Livingston  County,  showing  locations  of 
wells. 
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Below  is  given  a  partial  analysis  of  the  water  from  the  Ijockwooi 
Hotel,  at  Fowlorville.  It  seems  to  be  very  liighly  contaminated  from 
seepage  from  the  livery  stable  across  the  road.  It  is  probable  thattto 
typhoid,  which  has  been  prevalent  in  the  town  is  due  to  the  polluted 
supplies  from  wells  of  this  sort.  The  data  were  furnished  by  M.  0. 
Leighton,  of  the  United  States  Geological  Survey. 


Partial  analysis  of  ivell  xvaier  at  Fo^dervUle, 


Parts  per  milU^- 
46 


Color ". 

Iron(F'e) .5 

Chlorine  (CI) SJ^'^ 

(Vbon  dioxide  (COj) \Zl-^ 

Sulphur  trioxide  (SO^^) 55 

JIardno.ss(a.sCatO,) 139^ 

S.  J.  L(»wis.  analv.st.     l)en»»»  At\  f^^,. 
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WATER  SUPPLIES  OF  SHIAWASSEE  COUNTY. 

TOPOGRAPHY. 

hiawassee  County  lies  west  of  Genesee  County,  and  is  traversed 
he  same  system  of  moraines  noted  in  the  discussion  of  that  county. 
5  northern  edge  was  occupied  by  the  Glacial  Jjake  Saginaw.  The 
nty  is  generally  either  plain  or  gently  undulating.  Between  the 
raines  are  large  valleys  which  represent  lines  of  glacial  drainage 
iing  westward  to  Grand  River.  One  of  them,  which  passes  just 
th  of  Diu-and  and  south  of  Corunna  and  Owosso,  is  known  as  the 
lay  outlet  and  carried  the  waters  of  the  large  Glacial  Lake  Mau- 
B.  The  southwestern  part  of  the  county  is  now  tributary  to  Grand 
rer,  but  the  remainder  drains  northward  through  Shiawassee  River 
I  tributaries  of  Flint  River  to  Saginaw  Bay.  The  southwestern 
•t  of  the  county  is  discussed  by  Doctor  Lane  in  his  report  on  the 
ion  about  Lansing.^ 

SUPPLIES  BY  DISTRICTS. 

OWOSSO. 
FLOWING   WELLS. 

Phe  Owosso  flowing  wells  form  the  most  important  group  in  Shia- 
ssee  County.  They  are  located  in  and  near  a  subdivision  of  the 
y  known  as  Maple  Ridge,  which  lies  on  a  slightly  sloping  terrace 
the  valley  now  occupied  by  Shiawassee  River  and  south  of  the 
earn.  It  is  a  short  distance  north  of  a  morainal  ridge,  which  seems 
be  the  catchment  area  for  the  wells,  and  which  here  runs  nearly 
)t  and  west  for  some  distance. 

The  wells  are  in  three  groups;  the  larger  one  in  Maple  Ridge  Park 
)per  (see  fig.  39)  has  about  25  wells,  including  those  which 
uld  flow  above  or  at  the  surface  if  not  pumped,  while  the  smaller 
e,  five  blocks  west  and  one  south,  has  only  six  wells.  What  is 
tisidered  by  the  writer  to  ho  a  third  group  in  this  area  occurs  still 
ther  southwest  near  the  south  end  of  South  Chipman  street, 
lere  a  single  flowing  well  (No.  15  in  table)  and  two  pump  wells 
lich  would  flow  occur  in  the  same  neighborhood  and  have  the  same 
aracteristics. 

The  water  in  each  group  comes  from  a  gravel  stratum  18  to  25  feet 
low  the  generally  even  land  surface,  the  cover  being  a  compact  clay 
1.  The  water  is  moderately  hard  and  is  somewhat  impregnated 
th  iron,  and  judging  from  the  analysis  of  the  sample  from  the 
neral  spring  given  below,  has  a  considerable  amount  of  magnesium 
Its  as  well. 


a  Wator-Sup.  and  Irr.  PaiKT  No.  182,  pp.  170-176. 
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(lug  out  to  a  depth  of  1 1  feet,  down  to  the  water-bearing  stratum  of 
fine  gravel,  and  walled  up  with  stone  laid  in  cement,  to  a  height  i 
about  6  feet  above  the  surface.  The  water  rises  to  the  top  of  thi 
cistern  and  flows  out  in  three  streams;  one,  a  waste  pipe  1  inchia 
diameter,  is  allowed  to  run  full  into  a  ditch  to  the  stream  valley,  i 
second  pipe  1 J  inches  in  diameter  runs  into  a  cooHng  tank  in  the  mill 
house,  and  a  third  pipe  runs  a  hydraulic  ram  which  pumps  water  to  th 
house  and  barns.     The  waste  water  from  the  milk  house  runs  throu^ 

a  series  of  watering  troughs  in  fla  ^ 
barnyard  before  it  is  allowed  to  p  '•^ 
to  waste.     Besides  these  outlets, 
considerable  quantity  of  water 
off  through  cracks  in  the  cement  loi 
stonework  near  the  top  of  the  cistern 
The  entire  outflow  from  this  spriiij 
can  not  be  much  less  than  20  galloBi  r 
a  minute,  as  the  quantity  received  ii  n, 
the  milk  house  is  about  8  galloDi 
While  the  improvements  were  being 
made  on  the  natural  spring  the  water 
was  carried  off  at  a  low  level  by  ditcL 
Simultaneously  some  of  the  wells  to  the 
northwest  are  reported  tohavestoppeJ 
flowing,  thus  suggesting  an  underground  connection  with  the  wells. 

Wells  of  flartland  area. 


Fig.  38.--Sketch  map  of  Hartland  area, 
Livingston  County,  showing  locations  of 
wells. 
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Below  is  given  a  partial  analysis  of  the  water  from  the  Ijockwood 
Hotel,  at  P\)wlerville.  It  seems  to  be  very  highly  contaminated  from 
seepage  from  the  livery  stable  across  the  road.  It  is  probable  that  the 
t3'phoi(l,  which  has  been  prevalent  in  the  town  is  due  to  the  polluted 
supplies  from  wells  of  this  sort.  The  data  were  furnished  by  M.  0. 
Leighton,  of  the  United  States  Geological  Survey. 


Partial  analysis  ofv'eU  uxiier  at  FmcUrvUl^:. 


Color 
Iron 


(Fe)  . 


Part*  per  milUo»- 

.    46 

.5 


Chlorine  ((1) 57-2 

(^arl)on  dioxide  {iS}^) 137-58 

Sulphur  trioxide  (SO,) 55 

]  lardne^ss  (as  CaCO,) 139  i 

S.  J.  Lewi.s.  analyst.     Depth,  40  feet. 
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WATER  SUPPLIES  OF  SHIAWASSEE  COUNTY. 

TOPOGRAPHY. 

Shiawassee  County  lies  west  of  Genesee  County,  and  is  traversed 
r  the  same  system  of  moraines  noted  in  the  discussion  of  that  county. 
be  northern  edge  was  occupied  by  the  Glacial  Lake  Saginaw.  The 
rtinty  is  generally  either  plain  or  gently  undulating.  Between  the 
loraines  are  large  valleys  which  represent  lines  of  glacial  drainage 
ading  westward  to  Grand  River.  One  of  them,  which  passes  just 
orth  of  Durand  and  south  of  Corunna  and  Owosso,  is  known  as  the 
Dilay  outlet  and  carried  the  waters  of  the  large  Glacial  Lake  Mau- 
lee.  The  southwestern  part  of  the  county  is  now  tributary  to  Grand 
liver,  but  the  remainder  drains  northward  through  Shiawassee  River 
jid  tributaries  of  Flint  River  to  Saginaw  Bay.  The  southwestern 
»rt  of  the  county  is  discussed  by  Doctor  Lane  in  his  report  on  the 
^on  about  Lansing." 

SUPPLIES  BY  DISTRICTS. 

OWOSSO. 
FLOWING    WELLS. 

The  Owosso  flowing  wells  form  the  most  important  group  in  Shia- 
wassee County.  They  are  located  in  and  near  a  subdivision  of  the 
city  known  as  Maple  Ridge,  which  lies  on  a  slightly  sloping  terrace 
in  the  valley  now  occupied  by  Shiawassee  River  and  south  of  the 
stream.  It  is  a  short  distance  north  of  a  morainal  ridge,  which  seems 
to  be  the  catchment  area  for  the  wells,  and  which  here  runs  nearly 
east  and  west  for  some  distance. 

The  wells  are  in  three  groups;  the  larger  one  in  Maple  Ridge  Park 
proper  (see  fig.  39)  has  about  25  wells,  including  those  which 
would  flow  above  or  at  the  surface  if  not  pumped,  while  the  smaller 
one,  five  blocks  west  and  one  south,  has  only  six  wells.  What  is 
considered  by  the  writer  to  be  a  third  group  in  this  area  occurs  still 
farther  southwest  near  the  south  end  of  South  Chipman  street, 
where  a  single  flowing  well  (No.  15  in  table)  and  two  pump  wells 
which  would  flow  occur  in  the  same  neighborhood  and  have  the  same 
characteristics. 

The  water  in  each  group  comes  from  a  gravel  stratum  18  to  25  feet 
below  the  generally  even  land  surface,  the  cover  being  a  compact  clay 
till.  The  water  is  moderately  hard  and  is  somewhat  impregnated 
with  iron,  and  judging  from  the  analysis  of  the  sample  from  the 
nuneral  spring  given  below,  has  a  considerable  amount  of  magnesium 
salts  as  well. 


a  Water-Sup.  and  Irr.  Paper  No.  182,  pp.  170-175. 
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The  water  in  the  wells  on  the  highest  part  of  the  Maple  Ridge 
district  rises  not  more  than  8  feet  above  the  lowest  part  of  the  dis- 
trict, which  is  a  shallow  drainage  valley.  A  well  (No.  1)  recently 
put  down  in  this  lowest  part  has,  because  of  faulty  construction, 
allowed  the  water  to  rise  around  the  casing  and  run  to  waste  in  large 
quantities.  Coincident  with  this  large  waste  several  wells  at  higher 
levels  have  lost  head  and  either  decreased  in  flow  or  ceased  flowing 
altogether. 

Some  of  the  wells  are  on  property  which  has  frequently  changed 
hands,  and  it  was  not  possible  to  secure  data  regarding  them.    How- 


Fig.  39.— Sketch  map  of  Maple  Ridge  Park  and  vicinity,  Owosso,  showing  approximate  locations  of 

flowing  wells. 

ever,  statistics  relating  to  those  of  most  interest,  suflScient  to  show 
the  characteristics  of  the  area,  are  given  in  the  accompanying  table; 
the  relation  of  the  area  to  the  river  and  moraine  is  shown  in  fig.  39. 

The  districts  between  these  groups  are  not  yet  built  up,  and  it  seems 
probable  that  when  they  are  the  number  of  flows  will  be  increased 
by  new  wells  in  the  intermediate  spaces  unless  the  water  is  lowered 
so  far  by  that  time  as  to  fail  to  give  flows.  This  area  should  furnish 
a  very  constant  and  good  sui)ply  of  water  for  household  use  from 
tubular  pump  wells,  at  small  expense,  even  where  flows  can  not  be 
obtained. 


SHIAWASSEE   COUNTY. 
Wells  at  Owosso, 


186 


Owner, 

1 

t 

P 

1 

1 

P3 

1 

M 

1 

i 

QufclVty. 

Wat«r 

bed. 

Remnrlui. 

A.Araiitronif ,. 

...do_ 

,..do .,... 

in,    F»tL 
1.5     30 
1.25   30 
1.25   « 

FL 

7,S3 
7«0 
7«0 
7«0 

?e2 

756 

+2 
+  1.S 
+  Lfi 

^3 

1 

2 

dci„.. 

do„.. 

Gravel.. 
....do... 

....do... 
.„,do... 

do 

6  foot  from  No.  2. 

r.A.  llftmblin ..  . 

i.2S 

LA 

LJS 

I.K 

l.fi 
LA 

25 

att± 

100± 

1^20 

50 

do..,. 

.„..do„„ 

A  second  well  used  to 

flow. 
Puroped     to    avoid 

sewer  conn^tions. 
WAU»r  not  very  hard. 

|»iimp«d. 
Now  pumped. 

^r  Suthiirland     . 

2         40 

,  V.  LwDHrdwa. 

1  all! win  PAtate.., 

do 

705-^3 

i 

1.5 

^ 
1 

32 



B4jrd;lron 
d«} 

..,.do... 

....do... 
do 

.„do.._. , 

,.,do...- 

...dit_,- 

..B.PuiTer 

LS.KlfiDey* 

J-DHRurt.  

7«7 
7«fi 

7fle 
TflS 
7IW 

+  .5 
+  .5 
+0 
+1 

+Lft 

+1  n 

4fl.5 
19.5 
49 
47.4 

40 

50 

.....do.... 

.„,,do.„, 

.....do.... 

do.... 

do.„. 

...,do... 

....do... 

,...do... 
....do... 

....do... 

„,.do,.. 

Juit  dropi  from  pipe. 

Lowered  by  No.  l. 

Flows  more  after 
heavy  and  pro- 
longed rains;  I8R4. 

Flow  wariest  wUh*ea- 
BODs;  watef  medium 
bard. 

well  Id  district. 

ing  to  change  of  owners  no  data  could  be  had  concerning  four  other  wells  in  this  group,  but  they 
aid  to  be  of  about  the  same  depth  as  the  others.    The  flows  are  small. 

le  following  is  a  partial  record  from  a  very  shallow  but  good  flow- 
well  at  Owosso,  owned  by  Charles  Terry.  The  data  were  fur- 
ed  by  M.  O.  Leighton,  of  the  United  States  Geological  Survey. 

Partial  analysis  of  well  waier  ai  (hoosso. 

^  Parts  per  million. 

5i 

Fe) 1 

iDe(Cl) 1.5 

m  dioxide  (CX)2) 121.36 

lur  trioxide  (SO3) 56 

ness  (as  CaCOg) 139+ 

J.  Lewis,  analyst.     Depth,  16  feet. 

SPRINGS. 

ssociated  with  this  area  are  two  large  springs,  which  may  come 
1  the  same  source.  One  is  situated  at  the  foot  of  the  sharp  slope 
be  moraine  on  South  Washington  street  and  is  covered  by  a  sani- 
iim  and  bath  house,  now  closed,  which  were  erected  to  utilize  its 
ers  as  a  remedial  agent.  The  spring  is  a  large  one,  issuing  from  an 
Rcial  basin  in  the  basement  of  the  cellar  in  several  streams  in  such 
ay  that  it  is  hard  to  determine  its  amount;  but  the  waste  water 
lly  runs  oflF  in  a  surface  stream  more  than  2  feet  wide  and  6  or  8 
les  deep.  This  spring  water  was  for  a  time  bottled  and  sold  by  the 
3SS0  Sanitarium  and  Mineral  Bath  Company,  but  the  enterprise 
abandoned^  and  at  present  this  large  supply  is  enlvreVj  tmhtvycv^X^ 
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waste. 
50°  V. 


The  temperature  of  the  water  as  it  issues  from  the  spring  is 


A  second  large  spring  occurs  at  the  foot  of  the  same  moraine  about  a 
mile  farther  east  and  is  utilized  by  the  city  as  a  source  of  supply  to 
supplement  that  obtained  from  the  wells  at  the  pumping  station.  The 
water  from  the  spring  is  pumped  to  the  large  receiving  well  at  the  station 
and  furnishes  no  insignificant  part  of  the  suppl\\ 


Fio.  «).— Distribution  of  wolls  at  Owosso  watorwirks,  on  a  terrace  of  Shiawassee  River.  5 1«t  *"^ 

low-water  level. 

WATERWORKS. 

The  records  of  the  Owosso  waterworks  wells  are  of  interest  in  she 
ing  the  variations  in  depth,  character,  and  thickness  of  the  drift  b< 
within  a  very  limited  area,  and  are  therefore  presented  in  full.  F 
40  shows  their  relative  positions. 

Driller's  record  ofOioosm  milt  well  {loaterworks  well.  No.  1). 

Thickness.  I   Tot 


Muck 

Gravelly  clay 

Gravelly  mixture 

Gravel 

(•lay 

Quicksand 

Coarse  p*avel 

Quickswand 

Blue  clay 

Sand  rock 

Salt  water  which  flowed. 


Feet. 


Fa 


3 
32  I 

10  1 


6  I 
19  ! 
125  j 
30 
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well  is  located  on  the  south  side  of  the  Ami  Arbor  Railroad 
bout  200  feet  west  of  the  east  line  of  the  corporation  of  the  city, 
)w  lands  owned  by  J.  L.  Wright.  It  is  240  feet  deep,  cased 
first  85  feet  with  5}-inch  tubing.  At  the  depth  of  85  feet 
e  clay  was  reached,  continuing  down  to  the  sand  rock,  which 
ck  at  a  depth  of  210  feet.  Drilling  was  continued  into  the 
epth  of  30  feet  and  there  water  was  reached,  which  flowed  at 
of  4  or  5  feet  above  the  surface.  The  water  was  salt  and 
ity  was  abandoned,  the  drill  being  moved  150  feet  northward 
ward  across  the  track.''" 


Driller* 8  record  cf  waterworks  tpeU  No.  S. 


,  Thickness. 


Total. 


Feet. 

2 

5 
15 

5 

3 

3 

2 

5 

6 

6 
16 

1.5 

Feel. 
2 

7 

22 

27 

30 

33 

35 

1 

40 

46 

S2 

68 

irater  flow 

69.5 

^^ell  was  pumped  60  gallons  a  minute  for  eighty  consecutive 
The  first  few  strokes  of  the  pump  lowered  the  water  12  feet, 
ich  it  did  not  lower  it  below  14  feet.  The  well  is  cased  with 
cubing. 

DnUer^g  record  of  waterworks  well  No.  3. 


I  water) 
flow 


Thickness. ;    Total. 


Feet. 


1  I 
14 


12 
13  ; 

3 


Feet. 


7 
12 
13 
27 
42 
43 
55 
68 
71 


e\\  is  71  feet  deep  and  is  located  200  feet  east  of  well  No.  2  on 
>  line. 


a  Ueoord  in  watt'rworks  oflice. 
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DnUu^9  reeoird  ofwaUrworkM  wett  No.  ^ 


Clay.. 
O  ravel 
Cla: 


lay 

QuTcksand. 
Ciay 


Gravel  and  flowing  water,  with  strong  smell  of  gas  at  43  feet. 

guicksand 
ravel - 


Water  gravel. 


This  well  is  100  feet  west  of  No.  3. 


DriUer^a  record  of  waUrtoorks  weU  No.  6. 


Soft  clay 

Quagmire 

Gravel 

Quicksand 

Clay 

Gravel  with  flow 

Clay 

Quicksand 

Clav 

Quicksand 

Gravel  with  flow 


This  well  is  85  feet  deep  and  is  located  120  feet  south  of  No.  4. 
*^  This  well  does  not  flow  as  strongly  as  the  other  wells  do.  There  are 
large  quantities  of  coarse  sand  mixed  with  the  gravel,  presumably 
keeping  the  water  back/'" 


DrUler^s  record  of  uxUerworha  wdl  No.  6. 


ThlckneM. 

Total. 

Muck 

Feet. 

4 
3 

n 

8 
13 
2 

16 
10 

4 

"-•i 

Gravel 

1 

Clay 

18 

Gravel 

36 

Clay 

» 

Gravel  with  flow 

41 

Quicksand 

57 

Coarse  sand 

67 

Gravel  with  flow 

71 

^ 

''This  is  the  best  well  obtained  as  yet.''" 

a  Record  in  waterworks  office. 
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Thickness. 

Total. 

Fea. 
22 
17 

4 
11 
13 

3 
15 

5 

Feet. 
22 

39 

43 

low 

64 

67 

70 

85 

90 

ell  is  100  feet  east  of  No.  6.     ''This  well  is  a  failure.     The 
70  feet  has  quicksand  below  it,  which  prevents  the  flow  of 

DriUer^s  record  of  waterworks  well  No.  8. 


Thickness. 

Total. 

Feet. 

4 
12 
21 
10 
10 
9 
2 
9 
4 
9 

Feet. 

4 

16 

37 

low-;  stronger  flow  at  44  feet 

47 

'  57 

66 

ater 

68 

77 

81 

90 

ty. 

well  was  a  failure  at  this  depth,  but  a  dynamite  cartridge 
:  43  feet  blew  the  casing  off  at  that  depth.  The  well  then 
:  a  tremendous  rate  for  several  months  and  was  called  the 
rell  of  the  lot.''« 

Driller's  record  of  waterworks  weU  No.  9. 


Thickness. 

Total. 

d 

Feet. 
6 

7 
38 
2 

Feet. 

5 

12 

50 

low 

52 

well  is  20  feet  south  of  the  bank  of  the  river.     The  gravel  at 
►m  of  the  well  is  very  clean. '^^ 


a  Record  in  waterworks  office. 
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DnUer*8  record  ofwaterworkt  weU  No.  10. 


Tbicknesa.!   Total 


_L 


Clay 

Gravel 

Clay 

Sand 

Clay 

Sand 

Gravel  with  flow. 


Feei. 


Fed. 


6* 

C 

9: 

15 

i  1 

S 

12' 

34 

16; 

a 

^  1 

TD 

3' 

7i 

This  well  is  65  feet  southwest  of  No.  9  and  50  feet  east  of  No.  2. 
'*  There  is  considerable  coarse  sand  and  fine  gravel  at  the  bottom  of 
this  well.  The  well  was  nearly  lost  by  driving  through  the  vein  of 
water-bearing  gravel,  hoping  to  shut  out  the  sand.'^« 


n 

>rdUr^H  record 

ofuxUenoorks  weU  No. 

11. 

Thickness. 

TotiJ. 

Muck 

Feet. 

4 

6 
20 
10 

5 

3 

3 

5 
13 
•1.5 

Ftd. 
4 

Sand 

10 

Gravel 

30 

Clay 

40 

Gravel  with  flow 

45 

Clay 

48 

Sand 

51 

Clay  and  sand  mixed 

56 

Clay 

eo 

Gravel  with  flow . 

7a5 

This  well  is  60  feet  south  of  No.  9  and  50-feet  west  of  No.  6. 
a  strong  flow;  about  the  same  as  No.  5.'* " 

DnRer^s  record  of  nxUenvorJcs  weU  No.  12. 


"Not 


ThlckneM. 

Total. 

Sandy  cla  v 

Feet. 
3 
3 
23 
44 
17 

"-•, 

Clav 

6 

Sand f 

29 

Clav 

33 

Gravel  with  flow 

50 

This  well  is  50  feet  west  of  No.  3  and  in  line  with  Nos.  2,  3,  and  4. 

Driller\s  record  of  nxiteriLiorks  u^U  No.  13. 


Sand  vol  ay 

Clay; 

Sand 

Sand  and  clay... 

Clay 

Gravel  with  flow. 


This  well  is  60  feet  north  of  No.  12  and  60  feet  west  of  No.  8.  "The 
efTect  on  this  well  of  dynamiting  No.  8  was  to  almost  stop  the  flow  of 
water  in  it.''" 


a  Record  in  waterworks  ofllce. 
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BirSHS  TOWHSmP. 

]*his  small  area,  covering  about  1  square  mile  (fig.  41),  is  in  the 
ley  of  one  of  the  minor  branches  of  Shiawassee  River,  3  miles 
it  of  Byron,  and  at  present  has  two  wells.  One  of  these  has  a 
•  flow,  but  with  a  slight  head.  The  other  has  a  pump  attached 
it,  but  flows  through  a  branch  pipe  to  a  watering  trough  at  a 
el  below  the  pump  platform  and  sometimes  flows  from  the  spout 
the  pump.  It  seems  probable  that  other  flows  would  be  obtained 
putting  down  wells  near  the  level  of  the  stream,  but  at  present 
5  lands  adjacent  are  used  only  for  pastures  and  fields  and  the 
jd  of  wells  is  not  great. 

Fig.  41  shows  the  approximate  locations  of  the  wells.     Tabulated 
ta  follow: 

Wells  of  Bums  Township  area. 


a) 

i 
1    5 

i  1 

In.     FeeL 

L25       25 

e 

Flow  per 

minute. 

Quality. 

1 

Owner 

1 

■ 

W*ter 
bed. 

F.  RotMicher 

tt49 

0.74 
1.5 

L5 

HAnl;lron 

^.2 

SaiMi. 

There  is  reported  to  be  a  flowing  well  in  sec.  3,  Bums  Township, 
a  creek  valley  on  the  farm  of  J.  S.  Smith.     It  is  84  feet  deep  and 
nches  in  diameter,  and  was  made  in  1884  at  a  cost  of  $30.     It 
ws  about  a  barrel  an  hour  and  has 
lead  of  about  1  foot.     These  data 
i   from    a   water-supply    schedule 
tained  from  Mr.  Smith   by  W.  F. 
oper. 

iyron  is  located  on  a  broad  gravel  h^ 
lace,  30  or  40  feet  above  Shia- 
^ee  River.  The  water  supply  is 
)stly  from  dug  wells  or  from  tubii- 
driven  wells  15  to  50  feet  or  more 
ep,  none  of  which  flow. 
A  small  amount  of  water  is 
mped  from  the  river  for  use  in 
ilers  and  for  watering  stock. 
On  the  lowest  river  terrace,  near  the  dam,  there  was  formerly  a 
ring  of  considerable  size,  the  water  of  which  was  strongly  impreg- 
ted  with  iron  salts,  as  shown  by  the  pebbles  in  the  vicinity  of  its 
tlet.  This  spring  is  now  closed  up  by  the  owner,  who  filled  it 
th  clay. 


Fig.  41.— Sketch  map  showing  location  of 
flowing  wells  in  Burns  Township,  Shiawas- 
see Coimtv. 
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It  is  probable  that  good  supplies  of  water  could  be  had  by  antl 
ing  tubular  wells  on  the  lowest  terraces  of  the  river,  with  exc«llenl| 
chances  of  flows,  if  the  town  should  ever  need  a  pubUc  supply. 

T^BHOH  T0WK8HIP. 
DURAND. 

Durand  is  located  on  a  very  gently  undulating  plain.  The  ton 
has  a  public  waterworks,  the  water  being  obtained  from  a  group  i 
driven  wells  near  the  business  center  of  the  town,  where  the  pumpug 
station  is  situated.  The  wells  are  from  40  to  75  feet  deep,  with  one 
which  has  brackish  water  at  150  feet.  The  shallower  wells  havefrwh 
water.  They  were  put  down  in  1901.  The  supply  is  not  large,  ttd 
test  wells  have  been  put  down  in  other  parts  of  the  town  to  locitB 
additional  sources  of  supply. 

There  is  a  flowing  well  m  the  western  part  of  the  town,  which  b 
said  to  be  2S7  feet  deep  and  goes  a  short  distance  into  rock.  The 
water  from  this  well  is  rather  strongly  impregnated  with  minenl 
matter  and  slightly  brackish  to  the  taste,  but  is  used  for  drmking 
and  domestic  purposes  by  the  people  in  the  vicinity.  The  flow  now 
is  only  about  2  gallons  a  minute,  with  a  head  of  more  than  2  feet. 
The  temperature  was  51.8°  F.  in  July,  1904.  Near  by  this  well  is 
a  second  flowing  well,  of  whose  depth  no  record  could  be  obtained, 
but  as  the  water  is  of  different  character  and  temperature  from  that 
of  the  first,  it  is  probable  that  it  is  from  the  drift  above  the  roct 
This  water  is  hard  and  contains  considerable  iron,  but  is  not  saline 
The  head  exceeds  18  inches,  the  rate  of  flow  is  1.5  gallons  a  minute, 
and  the  temperature  50.9°  F.  This  lower  temperature  would  indi- 
cate a  less  depth  than  that  of  the  first. 

In  the  same  block,  to  the  east  of  these  two  wells,  is  a  third,  which 
formerly  flowed  at  a  height  of  6  oi  7  feet,  but  which  was  stopped 
apparently  by  the  putting  down  of  the  deep  well.  The  water  at 
present  just  reaches  the  surface  of  the  ground. 

It  was  reported  that  feeble  flows  of  a  temporary  nature  had  been 
secured  a  short  distance  south  of  town  by  driving  short  lengths  of 
pipe  into  the  ground  in  a  swampy  area  of  pasture  land.  None  of 
these  wells,  however,  are  now  in  operation. 

VERNON. 

This  village  is  situated  on  a  morainal  ridge  and  is  without  any 
public  water  supi)ly.  The  wells  are  all  from  the  drift,  the  deepest 
being  about  50  feet.  The  depth  to  rock  surface  ranges  from  50  feet 
in  the  valley  of  the  river  to  80  or  even  100  feet  on  the  higher  grounJ- 
The  supply  of  water  obtained  from  the  wells  here  is  probably  suffi' 
cient  for  present  needs  and  is  of  good  quality. 


SHIAWASSEE   AND   SAGINAW    COUNTIES.  193 

[1  the  farm  of  John  Pierce,  one-half  mile  south  of  Vernon,  is  a 
from  the  rock,  100  feet  or  more  deep,  the  water  from  which  is 
sahy  for  use. 

coBxnnfA. 

)omima,  the  county  seat  of  Shiawassee  County,  is  situated  on 
slope  of  a  faint  morainal  ridge  on  the  south  side  of  Shiawassee 
er. 

'he  greater  number  of  the  wells  of  the  town  are  shallow,  but  give 
abundant  supply  of  good  water. 

fi  1903  a  public  system  of  waterworks  was  mstalled,  the  pump- 
station  being  located  near  the  railroad  station,  on  the  south  side 
he  town.  A  considerable  part  of  the  water  now  in  use  comes 
1  driven  wells  only  30  to  40  feet  deep,  which  give  very  good, 
er,  })ut  a  part  of  the  wells  are  from  90  to  120  feet  deep,  pene- 
ing  sandstone  from  40  to  60  feet.  The  water  from  these  deep 
:  wells  is  said  to  be  soft  and  free  from  lime  compouncJs. 
n  interesting  fact  is  reported  regarding  these  rock  wells,  namely, 
pumping  one  of  them  affects  the  others  300  or  400  feet  away,  sug- 
ing  a  coarse  texture  in  the  sandstone  or  communicating  fissures 
g  which  the  pressure  is  carried. 

block  east  of  the  court-house,  in  the  lumber  yard  of  H.  T.  Wilson, 
shallow  bored  well  18  feet  deep,  which  in  wet  seasons  flows  from 
spout  of  the  pump,  2  feet  above  the  ground.  It  was  fonnerly  a 
ing  well,  but  the  pump  was  put  on  to  insure  a  supply  at  all  seasons, 
er  wells  of  the  same  depth  in  the  neighborhood  were  said  to  flow 
lerly,  but  all  ceased  some  time  ago. 

he  valley  between  Owosso  and  Corunna  seems  favorable  for  the 
irronce  of  flowing  wells,  as  the  water  in  the  wells  along  the  margin 
he  valley,  even  the  shallow  ones,  shows  a  tendency  to  rise  in  the 
's  in  some  cases  nearly  to  the  surface  of  the  ground, 
rhe  depth  to  rock  at  Corunna  near  the  railroad  station  was  stated 
I  driller  at  work  there  to  be  72  feet.  According  to  another  driller, 
sident  of  the  town,  rock  is  from  60  to  75  feet  below  the  surface.  A 
1  in  the  park  is  said  to  be  120  feet  deep  and  about  35  feet  into  the 
i.  This  is  near  the  river  at  the  lowest  level  of  the  town.  Another 
rmant  says  the  rock  surface  is  only  50  feet  down. 

WATER  vSUPPLIKS  OF  SAGINAW  COUNTY. 

<;enekai.  statement. 

'his  county  was  not  visited  in  1904,  because  it  had  already  been 
lied  by  State  Geologist  Alfred  C.  Lane  and  his  assistant,  W.  ¥. 
•per,  a  short  time  before.  TIkmf  notes  were  placed  at  the  writer's 
>osal,  and  from  them  the  present  report  is  j)riiicij)ally  compiled, 
the  State  inquiry  was  made  with  somewhat  different  ends  iix  vvevf  ^ 
IBB  183— m 14 
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it  was  found  iinpracticahlo  to  construct  tables  for  the  county  suchw 
acc(>in|)aiiy  tho  reports  on  other  areas. 

wSiitrinaw  County  lies  south  of  Saginaw  Bay,  withm  the  region 
fornKM'ly  covered  hv  a  (llacial  lake  at  a  liigher  level  than  the  present 
l)ay,  and  is  very  flat,  with  practically  no  relief  forms  except  theshallof 
valleys  of  the  numerous  streams  which  cross  it,  and  a  few  low.  narrow, 
and  irn^jjjular  ridges  of  sand,  sometimes  blown  up  into  dunes.  The 
surface  rises  gently  from  the  level  of  Saginaw  Bay  to  about  100  feet 
al)ov(»  it  along  the  southern,  eastern,  and  western  borders.  ThescHk 
are  |)rincipally  heavy  days  and  clay  loams,  generally  rather  impe^ 
vious  to  wat(T,  with  scattered,  more  or  less  irregular,  tracts  of  am 
siderablc  extent  composed  of  sands  and  sandy  loams,  deposited 
chi(»lly  by  the  (llacial  lake.  These  are  easily  penetrated  by  water, 
and  difftM'  greatly  in  this  respect  from  the  clay  typt*s  of  soils. 

The  depth  to  bed  rock  is  somewhat  variable  in  spite  of  the  flat  so^ 
face  of  the  county,  and  is  remarkably  irregular  in  some  K>calities,  with 
variations  of  about  200  feet  in  short  distances,  showing  tliat  the  rock 
surface  Ikmc  had  hills  and  valleys  before  the  present  deposit  of  drift 
was  left  upon  it.  So  fjir  as  is  known  the  rock  is  nearest  the  surfacei 
mile  or  two  south  of  St.  Charles,  where  it  is  from  35  to  45  feet  below, 
an<l  ranges  from  this  to  200  feet  below  about  Merrill,  250  feet  below 
just  west  of  Saginaw,  and  more  than  260  feet  below  in  the  northern 
[)art  of  Swan  (  nu^k  Townshij).  The  variations  in  depth  are  some- 
tinw*-^  so  al)rii])t  tliat  a  well-marked  valley  can  be  traced  for  some  dis- 
tance, wlicrc  drill  hoicks  an*  fre(iuent,  and  such  valleys  afford  an  excel- 
l(Mi!  su])])ly  of  water,  because*  they  are  generally  filled  with  relatively 
coar^f'  inattMial.  In  sucli  cases  it  is  probable  that  no  inconsiderable 
part  of  the  water  comes  from  the  rock  walls  of  the  valley,  where  the 
ero(i(»(i  strata  conic  into  contact  with  the  material  which  fills  the 
valliy. 

Tiic  county  is  watered  by  four  large  but  sluggish  rivers  and  l>y  mmier- 
oU"^  smaller  streams  which  conu*  in  from  various  directions.  The 
rivers  linally  unite  n(*ar  the  city  of  Saginaw,  forming  Saginaw  Kiver. 
These  nunuTous  waterways,  an<l  the  low  gradient  of  most  of  them, 
produce  ext(Misiv(*  overflows  during  the  wetter  parts  of  the  year, 
causing  a  large  part  of  the  low  land  to  be  swampy  before  the  settle- 
ment and  draining  of  the  region. 

Because  of  the  type  of  soil  and  because  the  overflows  continued 
more*  or  less  frequently  after  the  land  liad  been  cleared  and  drained? 
i\w  water  obtained  from  open,  dug,  shallow  wells  throughout  th^" 
gicMiter  part  of  the  county,  was  never  entirely  satisfactory  or  whol^ 
some  for  drinking  luid  other  domestic  purposes.  The  compactness  oj 
the  soils,  especially  after  drainage  had  been  artiflcially  improve!' 
made  the  supply  from  this  type  of  w<^Hs  small  and  uncertain  ii" 
quantity. 
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As  a  result  of  these  conditions,  early  attempts  were  made  to  secure 
tter  and  more  certain  supplies,  and  bored,  driven,  and  drilled  wells 
considerable  depth,  drawing  on  the  water  from  lower ^vater-bearing 
rata,  became  common.  In  many  cases  these  deeper  wells  extended 
►vn  into  bed  rock,  and  here,  while  abundant  water  was  found,  in 
Bny  cases  it  was  brackish  or  salty,  sometimes  so  much  so  that  it  was 
^possible  to  use  it  for  many  purposes. 

In  the  sandy  districts  and  the  higher  parts  of  the  county  the  upper 
>ound  waters  are  often  more  abundant  and  wholesome,  and  here  dug 
ells  may  give  a  sufficient  supply,  although  even  in  these  districts  the 
sep  tubular  wells  are  frequent  and  are  the  most  reliable. 

The  impurity  of  the  water  from  shallow  wells  was  due  in  part  to  the 
•cat  accumulations  of  organic  matter  in  the  soils  and  in  part  to  the 
adiness  with  which  unwholesome  and  disease-impregnated  matter 
imd  its  way  from  the  surface  into  the  shallow  basin  w^ells,  both  by 
Bshing  in  at  flood  time  and  through  fissures  in  the  soil  formed  during 
rought.  Aside  from  this,  water  from  the  clay  is  usually  very  hard 
id  liable  to  be  roily  from  the  ease  with  which  the  finer  matter  of  the 
ay  is  w^ashed  into  the  wells  and  the  length  of  time  which  it  remains 
ispended  after  it  once  mixes  with  the  water.  The  water  of  such  dug 
ells  is  sometimes  colored  brownish  or  blackish  by  organic  matter. 

The  water  from  the  deeper  layers  of  the  drift,  or  clays,  is  usually 
irJ,  with  considerable  iron  in  it,  but  not  enough  to  make  any  change 
L  its  appearance.  The  amount  of  hardness  is  variable,  and  without 
3pare!it  reason,  except  that  the  beds  from  which  it  comes  are  variable 
L  the  amount  of  soluble  calcium  salts  they  contain. 

It  is  frequently  true  that  the  best  and  most  certain  supply  of  water 
om  the  drift  is  found  just  above  the  rock  surface  and  in  districts 
here  the  drift  is  very  compact  and  fine  grained,  as  in  and  around 
aginaw;  this  supply  is  the  one  most  depended  upon  for  ordinary 
irm  and  domestic  uses.  This  water  is  fresh,  or  only  slightly  saline, 
nd  often  very  hard.  In  and  near  Saginaw  tliis  supply  is  somewhat 
ffected  by  leakage  from  abandoned  salt  wells,  and  is  more  or  less 
rackish  in  consequence. 

The  rock  waters,  though  often  brackish,  and  occasionally  so  salty 
hat  they  are  not  used  for  drinking  or  cooking,  are  in  some  cases, 
irhere  sandstones  are  the  source,  much  freer  from  hardness  than  those 
rem  any  other  source. 

At  from  200  to  300  feet  down  the  salt  content  increases  and  be- 
^mes  too  high  for  any  ordinary  use;  even  stock  will  not  drink  it. 
U  a  depth  of  300  to  500  feet  a  strong  impure  brine  is  struck,  and  be- 
ow  this,  at  from  650  to  about  1,000  feet,  the  brines  are  found  from 
«^liich  the  Saginaw  Valley  salt  wells  have  drawn  supplies,  wliicli  have 
^^elded  enormous  quantities  of  salt,  and  wliich  are  still  cai)able  of 
?reat  development. 
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WASTE   WATEK. 

In  a  ro<]:ion  so  flat  as  this,  where  the  soil  is  not  absorbent,  the  dis- 
posal of  I  ho  wasto  wat^r  from  flowing  wells  is  often  a  rather  diffidk 
matter.     The  usual  method  is  to  turn  it  into  the  roadside  dit<:he8ttl 
«j:ivo  it  no  further  attention.     Here  it  forms  stagnant  pools,  inwkii 
mos(|uitoos  and  gnats  breed  in  abundance,  and  in  which  various  wat»- 
loving  plants  (lourish  and  help  by  their  growth  to  clog  the  ditclw, 
thus  im[)airing  their  efiiciency  and  shortening  tlieir  period  of  usefuhwi 
to  a  very  eonsiderable  extent.     A  much  better  method  of  procedoi 
wouldhe  to  turnthe  waterover  some  considerable  area  of  cultivatedhni 
by  means  of  irrigating  ditches,  or  better  still,  probably,  to  carry  tie 
l)ipe  or  casing  up  nearly  to  the  level  of  the  head  into  a  large  tank,ind 
allow  t  h(^  water  to  rise  in  this  to  the  level  of  the  head,  but  not  overflow, 
as  at  the  levt^l  of  the  head  the  water  would  stop  flowing  until  it  us 
ncHMled  and  drawn  off,  when  it  would»begin  to  flow  again.     A  propeiir 
fitted  valve  or  cock  could  be  placed  in  the  casing  to  draw  off  wat^rfor 
domestic  use,  while  the  water  could  be  dLstributed  autoniaticaUy  to 
various  points  where  it  is  needed,  as  it  oft^.n  is  where  a  windmill  pump 
is  used  to  fill  a  tank.     Such  a  method  would  not  only  make  it  unneces- 
sary to  dispose  of  waste  water,  but  would  t^nd  to  conserve  the  supply. 
The  cost  of  this  tyi)e  of  trough  or  tank  would  not  usually,  where  the 
head  is  sh'ght ,  he  great .  and  in  most  cases  would  be  less  than  the  cost  of 
putting  ill  a  drain  to  carry  off  the  waste. 

C  VTC  IIMEXT  AREA. 

The  sliallow  n(\ss  of  some  of  the  wells  (from  10  to  25  feet)  is  an  indi- 
cation that  the  \vat(M--l)earing  strata  are  not,  for  these  depths  at  least, 
ext(Misive.  nor  can  they  be  continuous  for  any  great  distance.  Henc« 
it  is  not  lik(^ly  that  they  reach  to  the  nearest  high  land,  which  is  several 
miles  aw  ay  to  t  he  west .  These  facts  would  lead  to  the  conclusion  that 
the  catchment  area  is  in  the  innnediate  vicinity,  and  it  may  lie  in  a 
distri<'t  of  heavy  sand  to  the  west  and  northwest,  2  or  3  miles  from  the 
shallowest  wells,  especially  as  the  land  rises  slightly  in  these  directions. 
The  sands  would  readily  absorb  a  large  amount  of  the  rainfall;  and  if 
the  underlying  strata  aie  suflici(Mitly  ])ermeable  to  take  in  this  supply? 
or  a  large  [)art  of  it,  it  is  probabk*  that  this  is  the  catcliment  area. 

P^1X)WIXC;   WELLS. 

FLOWS  FROM  BOCK. 

F'lo wing  wells  are  numerous,  and  fiom  a  number  of  horizons,  both  f^ 
the  rock  and  in  the  drift.     Of  the  rock  it  may  be  said  that,  if  the  wfr 
is  drilled  deej)  enough,  flowing  water  would  be  obtained  in  almost  an^ 
part  of  Saginaw  County;  but  it  must  be  remembered  also  that  thf 
water  woidd  generally  be  salty  if  the  well  i)enetrated  the  rock  for  aii^ 
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siderable  distance.  Hence  it  is  not  wise  to  go  too  deep  for  water 
farm  use  when  trying  for  a  flow. 

L  well  on  the  north  side  of  sec.  2,  Chesaning  To^Miship,  350  feet 
p,  with  rock  at  60  feet,  flows  salty  water.  Another  in  the  same 
ghborhood  is  180  feet  deep  with  fresh  water,  and  is  130  feet  in  the 
k.  Still  another  is  150  feet  deep,  and  flows  slightly  salty  water. 
L  the  east  side  of  sec.  1  is  a  flow  120  feet  deep,  with  rock  at  47  feet. 

I  the  south  side  of  sec.  5  is  a  flow  117  feet  deep,  with  rock  at  45  feet, 
id  on  sec.  17  is  a  flow  250  feet  deep,  with  rock  at  65  feet.  The  tem- 
trature  is  reported  as  54°  F. 

The  pump  wells  range,  for  drilled  wells,  from  61  feet  deep  with  10 
the  rock,  to  465  feet  deep  with  405  in  the  rock.  In  this  last  the 
iter  was  fresh  down  to  260  feet,  below  which  it  was  salty.  The 
ck  surface  is  reported  as  119  feet  deep  on  the  north  side  of  sec.  23, 
i  feet  deep  on  the  south  side  of  sec.  5  and  the  north  side  of  sec.  2,  47 
8t  on  the  east  side  of  sec.  1,  and  70  feet  on  the  south  side  of  sec.  2. 

FLOWS  FROM  DRIFT. 

The  flows  from  the  drift  are  confined  to  definite  areas.  If  a  line  is 
awn  from  north  to  south  through  the  middle  of  the  county,  all  but 
le  group  of  flows  from  the  drift  will  be  found  on  the  western  side  of 
The  exception  is  the  area  in  Birch  Run  Township,  in  the  extreme 
utheast  comer  of  the  county.  All  of  these  areas  are  on  plains,  with 
)  noticeably  higher  land  near  by,  yet  the  gradual  rise  toward  the 
►rder  of  the  county  is  suflScient  to  furnish  head. 
There  are  seven  areas  in  which  three  or  more  flows  occur  and  five 
)lated  weUs  apparently  remote  enough  from  other  developments  to 
considered  independent  areas,  thus  making  12  in  all.  These  areas 
elocated  as  follows :  ( 1)  The  Merrill  area,  in  T.  12  N.,  R.  1  E.,  extend- 
gfrom  Merrill  north  and  northeast;  (2)  a  single  well  in  sec.  1,  Lake- 
Id  Township  (T.  1 1  N.,  R.  1  E.) ;  (3)  an  area  of  considerable  extent  in 
Eirion  Township  (T.  10N.,R.  1  E.) ;  (4)  the  Brant  area,  in  the  north- 
«t  part  of  T.  10  X.,  R.  2  E. ;  (5)  a  single  well  in  the  south  part  of  the 
ne  township  (sec.  33) ;  (6)  the  Fremont  area,  in  the  eastern  part  of 

I I  N.,  R.  2  E.,  and  along  the  line  between  this  and  the  next  townsliip 
it;  (7)  the  Swan  Creek  area,  in  the  northeast  comer  of  T..  11  N., 
3  E.,near  Swan  Creek  post-offico;  (8)  an  isolated  well  on  sec.  18 

10  N.,  R.  4  E.) ;  (9)  three  wells  near  Luce  post-office,  in  Albee  Town- 
p  (T.  10  N.,  R.  4  K.) ;  (10)  the  Birch  Run  area  in  the  southeastern 
^of  T.  10N.,R.6H:  (11)  asingle  well  insec.  1,  Chesaning  Township 

9  N.,  R.  3  E.) ;  (12)   a  single  well  at  Frost  post-office. 
^  the  slope  of  the  country  is  toward  the  north  and  east,  it  is  prob- 
e  that  the  valleys  of  streams  and  other  depressions  in  that  direction 
y  yield  flows  beyond  the  limits. of  the  present  development. 
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FLOWS  BT  DI8TRICTB. 
MERRILL   AREA. 

This  is  known  to  cover  about  10  square  miles,  and  is  the  most 
extensively  developed  area  of  flowing  wells  from  the  drift  in  Saginaw 
County.  Merrill  lies  on  the  southern  border  of  the  area,  from  whick 
it  extends  north  and  northeast;  in  it  the  majority  of  the  flowing  welb 
of  the  district  arc  found,  about  25  being  reported  from  there,  the  water 
coining  from  depths  varying  from  35  to  150  feet  from  sand  or  gravd 
strata. 

It  is  possible  that  conditions  here  are  similar  to  those  of  Alma  (see 

p.  207),  with  coarser  L-yers  interspersed  with  the  finer.     The  fact 

'that  wells  near  together  :.re  of  very  different  depths  points  to  this  as  i 

possibility,  but  in  the  absence  of  accurate  records  of  the  weUs  nothing 

definite  can  be  stated. 

North  of  Merrill  the  depth  is  generally  60  to  70  feet,  but  some  weUs 
are  only  10  feet  deep.  None  that  flowed  is  more  than  100  fe^t  deep, 
so  far  as  learned. 

The  water  in  the  flowing  wells,  as  in  the  other  wells  of  the  Merrill 
area,  is  hard  and  more  or  less  impregnated  with  iron  and  carbon 
dioxide.  It  is  otherwise  of  excellent  quaUty  and  is  wholesome  and 
good.. 

In  general,  the  head  of  wells  of  this  area  is  slight,  being  only  1  toSfeet 
above  the  surface.  But  the  well  of  Mr.  Dubay,  1  mile  east  and  three 
fourths  of  a  mile  north  of  Merrill,  is  reported  to  have  had  a  head  of  11 
feet.  This  well  is  tilso  reported  to  have  the  largest  flow  in  the  area— 
10  to  15  gallons  j^  minute — from  a  depth  of  65  feet.  The  average  flow 
of  w(*lls  in  this  area  is,  however,  small,  1  to  5  gallons  a  minute,  except 
in  a  iow  cases  where  tlu^  flow  is  from  a  dug  basin,  in  which  case  the 
amount  of  wat(^r  running  away  seems  to  be  larger. 

MARION    TOWNSHIP. 

The  Marion  area  is  about  0  square  miles  hi  extent,  is  narrow,* aoi 
trends  from  northwest  to  southeast.  It  includes  about  20  wefe 
ranging  from  60  to  102  feet  in  depth.  The  records  available  indicate 
that  after  a  shallow  bed  of  sand  and  gravel  2  or  3  feet  deep  lias  be^^ 
passed  there  is  a  thick  bed  of  day,  with  occasional  thin  beds  of  graV'^^ 
from  which  the  w- ater  comes.  The  flows  are  usually  small  with  sligJ^^ 
head,  but  sufficient  for  farm  and  domestic  uses. 

BRANT   AREA. 

The  Brant  area  is  about  7  square  miles  in  extent  and  as  develop^^' 
has  1 1  flows,  all  but  one  being  from  the  drift.  These  wells  range  fro^ 
about  75  to  140  feet  in  depth,  several  of  them  being  between  90  ft^ 
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feet,  and  only  two  more  than  100  feet  deep.  At  Brant  post-office 
flowing  well  from  the  rock,  282  feet  deep.  It  is  probable  that  in 
area  a  larger  number  of  flowing  wells  m>».y  be  developed.  The  low 
ind  along  the  streams  and  the  s.  gs  in  the  genen.1  surface  would  be 
most  fvivortible  places  to  test. 

lie  single  well  in  the  southwest  corner  of  sec.  33  of  Brant  Township 
[)  feet  deep,  i:nd  from  its  location  would  seem  to  be  independent  of 
.rea  to  the  north  of  it.     It  is  possible  that  explorations  along  the 
»k  vtilley  in  this  vicinity  would  yield  other  flows. 

FREMONT   TOW^NSIIIP. 

Tie  Fremont  area  covers  4  or  o  squt.re  miles  and,  as  developed  in 
0,  included  about  f  dozen  wells  which  flow  from  the  drift.  In  this 
ft  the  majority  of  the  flowing  wells  were  reported  to  be  42  to  85  feet 
p,  but  one,  in  the  southe  st  comer  of  sec.  12,  is  said  to  be  212  feet 
p,  entirely  in  drift.  This  is  the  more  prob.  ble,  since  about  1  mile 
th  i.nd  one-hsilf  mile  etst  is  v.  pump  well  260  feet  deep,  in  which  the 
k  w  s  not  reached;  on  the  other  hiiud,  there  is  i.  well  (m  sec.  14, 
y  2  vniles  southwest,  in  which  rock  is  reported  i.t  145  feet.  In 
;se  wells  the  gener^  1  report  is  that  they  l  re  in  ch  y  from  the  surftice 
iVTi,  the  wrter  coming  from  grtivel  or  sand  strata.  The  flows  are 
sorted  c:s  medium  or  smi  11. 

SWAN    CREEK    AREA. 

The  Swan  Creek  area  is  located  3  miles  east  and  1  mile  north  of  the 
?niont  area  and  is  nuich  sm?  Her,  consisting  of  three  wells  along  the 
rth  and  south  ro  d  between  sees.  3  i  nd  4.  The  wells  are  all  of  dif- 
ent  depths,  that  of  the  southernmost  being  58  feet,  that  of  the 
'themmost  78  feet,  rnd  th  t  of  the  one  between  60  feet.  These 
lis  are  all  reported  <s  being  through  day  to  the  water-bearing, 
tUum,  which  is  s  .nd  or  gr  vel. 

PhLs  area  may  possibly  be  extended  both  north  and  soutli  ahmg  the 
ley  of  Swan  Creek,  which  lies  one-half  nu\o  to  the  east  of  the  j)res- 
development,  but  at  present  this  district  is  not  settled  thickly. 

hVCK    AREA. 

•^ear  Lucepost-oflice.  in  Albee  Township,  is  a  group  of  three  small 
As,  32  feet  deep,  which  are  reported  to  pass  through  3  feet  of  sand, 
'U  shallow  sand  and  gravel,  and  then  clay  to  the  water-bearing 
-vel.  Further  testing  may  increase  the  extent  of  this  area,  par- 
Lilarlv  to  the  west 
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ALBEE   AREA. 

The  single  well  on  sec.  17,  Albee  Township,  is  49  feet  deep,  with* 
small  flow,  in  a  relatively  unsettled  region.  Further  pros|>ecting  may 
extend  this  area  to  the  north. 

BIRCH    RUN   AREA. 

This  area  is  about  5  square  miles  in  extent  and  is  situated  on  the  ; 
inner  slope  of  a  low  morainal  ridge,  which  just  touches  the  southeast 
corner  of  the  towTiship  and  county.  The  slope  of  this  ridge  is  gentlei 
but  the  differences  in  elevation  here  reach  the  maximum  for  this 
county,  and  amount  to  30  or  40  feet  to  the  mile.  The  flowing-wej 
district  lies  near  the  foot  of  this  slope  and  has  its  greatest  length  par- 
allel to  the  axLs  of  the  ridge. 

The  development  of  this  area  is  small,  only  8  wells  being  reported 
in  it,  and  these  range  in  depth  from  25  to  65  feet.  The  water  in  some 
of  the  wells  is  reported  to  come  from  sand  sufficiently  fine  to  work 
into  the  casing  and  obstruct  the  flow.  The  rock  surface  within  the 
limits  of  the  area  is  from  60  to  90  feet  below  the  soil  surface  and  flows 
from  the  rock  are  not  infrequent  in  the  vicinity  of  the  area.  The  drift 
flows  give  hard  water  in  sufficient  quantity  for  ordinary  farm  uses, 
though  the  wells  tend  to  clog  rather  quickly,  as  mentioned  above. 

The  catchment  area  is  probably  the  morainal  ridge,  from  which  is 
also  clerivc^d  the  pressure  which  develops  the  head  of  the  wells.  The 
area  nught  be  extended  to  the  northeast  and  to  the  southwest  of  its 
present  dev(»Ioj)ment  if  care  were  taken  to  locate  the  wells  in  depres- 
sions below  the  general  surface. 

CIIESAXING   AREA. 

The  single  well  from  tlie  drift  in  Chesaning  Township,  of  which  any 
record  was  obtained,  is  that  of  C.  M.  Johnson,  which  is  only  18  feet 
deep,  from  a  small  vein  of  gravel  in  the  clay.  The  water  is  hard  and 
fresh.  This  is  ])robably  due  to  a  jnirely  local  development  of  condi- 
tions favoring  a  flow. 

TIIOMASTOWX    TOWNSHIP. 

As  developed  at  j)resent,  this  area  has  but  a  single  flowing  well  from 
the  drift,  that  of  William  Wurtzel,  at  PVost,  10  miles  west  of  the  city  of 
Saginaw.  This  well  is  situated  in  the  valley  of  a  small  stream,  being 
developed  in  1896  while  boring  for  silver.  The  flow  was  struck  at  40 
feet,  thewater  spouting  outof  the  casing  several  feet  above  the  ground. 
The  flow  is  still  good  and  the  temperature  is  about  45°  F. 
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This  water  is  sold  under  the  name  of  the  '' Wurtzel  Saginaw  Mag- 
tic  Mineral  Spring  Water/'  and  its  character  is  shown  hy  the  folio w- 
g  analysis: 

Analysis  of  Wurizel  Saginaw  Magnetic  Mineral  Spring  Water,  a 

Partft  per  million. 

ilorine(Cl) 1,460.90 

Aum(Na) 949.82 

ilfmm(Ca) 260.62 

dpbate  radicle  (So,) 201. 89 

iignesium  (Mg) 54.76 

xm(Fe) 1.48 

lica(SiA) 16.44 

irbonau*  radicle  (CX),) 255.25 

3,201. 16 

^anic  matter: 

Free  ammonia 15 

Albuminoid  anmionia 05 

20 
Or.  R.  C.  Kedzie,  analyst. 

It  is  not  known  that  any  other  flows  have  been  struck  in  this  vicin- 
r,  but  it  seems  probable  that  by  making  careful  explorations  others 
ight  be  developed  near  the  stream  level. 

SAGINAW  WATER  SUPPLY.  6 

The  city  of  Saginaw  has  two  pumping  stations,  inherited  from  the 
Tie  when  there  were  two  corporations.  Both  of  them  draw  water 
im  the  river,  the  West  Saginaw  plant  from  the  center  of  town, 
'ar  Court  street,  the  East  Saginaw  plant  from  farther  up  the  river, 
^ing  located  at  the  corner  of  Lane  and  Douglas  streets,  about  one- 
urth  mile  below  the  junction  of  Tittabawassee  and  Shiawassee  rivers, 
either  of  the  supplies  is  considered  wholesome.  Thc}^  are  used  pri- 
arily  for  fire  protection  and  incidentally  for  lawn  sprinkling,  etc. 
or  drinking  purposes  the  city  has  put  down  a  large  number  of  drilled 
ells.  The  last  detailed  list  of  these  at  hand  gives  20  on  the  east  side 
1(1  10  on  the  west  side,  the  depths  ranging  from  120  to  ISo  feet, 
[any  have  been  made  since,  and  probably  there  are  now  (1905)  twice 
s  many.  All  draw  their  supply  from  sandstones  of  the  coal  nieas- 
res.  Bed  rock  is  usually  encountered  at  80  to  100  feet,  and  not 
nfrequently  water  is  found  in  pervious  beds  at  the  base  of  the  drift, 
)ut  never  in  such  quantity  and  quality  as  to  be  satisfactory  for  a 
t^'at^r  supply  for  so  large  a  population  (52,42S). 

"Expressed  by  analyst  In  prains  i)or  pnllon  iin«l  hyiHitholical  combinationH;  recomputed  to  ionic 
lonn  and  parts  per  million  at  Initod  States  (Joolopical  Survey. 
*%  A.C.  Lane. 
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Besides  tliese  city  wells  most  of  the  hotels  and  many  of  the 
tories  and  prh^ate  institutions  have  similar  wells.     Analyses  of  w( 
water    and    of   Saginaw   River  water    are  given    in  Wat^r-Sup] 
Paper  No.  31. 

Saginaw  River  is  practically  a  dead-water  estuarj^  as  far  up 
Saginaw,  and  the  current  runs  up  or  do^^Ti,  according  to  the 
the  rainfall,  and  the  fluctuations  of  the  Great  Lakes.  A  table 
elevations  showing  the  height  of  the  river  each  day  and  moni 
from  1 8S7  to  1 800  is  given  in  the  first  annual  report  of  the  board 
public  works  in  1891,  which  shows  plainly  a  correspondence  betwi 
these  lluctuations  and  those  of  Saginaw  Bay.  The  range  is 
6  feet  above  to  3  feet  below  the  datum.  There  is  no  especial  safet| 
to  be  gained  by  going  upstream,  and  there  is  no  available  safe  supply 
within  easy  reach.  A  thoroughly  effective  system  of  filtration  seem 
to  bo  the  proper  means  of  obtaining  a  safe  city  supply. 

Somc^  yc^ai-s  ago  a  well  wtis  dug  and  bricked  dow^n  about  80  feeij 
but  then  encountered  such  a  rush  of  water  and  quicksand  as  to  endan- 
ger the  life  of  the  man  in  the  well  and  to  fill  the  well  ^4th  quick- 
sand. More  recently,  in  the  spring  of  1903,  a  well  was  put  do^n  in^ 
the  ^'middle  ground,"  a  former  island  in  Saginaw  River,  to  test  the" 
water  supply.  It  passed  through  lumber  waste  and  saw^dust,  and  at 
12  f(M^t  struck  river  sand,  then  day;  at  42  feet  it  reached  fine  gravel, 
and  from  44. to  5:^  fe(»t  coarse  gravel.  While  there  was  quite  a  vol- 
ume of  water,  it  was  contaminated  from  the  old  salt  wells,  and  ran 
u])  to  2,801)  parts  per  million  of  solids  and  87  per  cent  hardness.* 

WATER    wSUPPLIEvS    OF   GRATIOT  COUNTY. 
c;i:ni:kal  statement. 

Ciratiot  County  is  just  west  of  Saginaw  County,  and  is  partly  within 
the  morainal  region  and  in  part  within  the  area  formerly  covered  by 
a  (ihu'ial  lake.  The  western  half,  approximately,  is  rolling,  the  ridges 
running  in  a  gcMieral  north  and  south  direction,  while  the  eastern  half 
is  a  plain  sloj)ing  to  the  east  and  south.  The  western  and  northern 
parts  of  the  rolling  area  are  higher  and  usually  more  sandy  or  gravelly 
t han  the  eastern,  and  have  been  cleared  and  settled  but  a  short  time. 

Th(»  principal  stream  of  the  county  is  Pine  River,  which  flows 
along  the  western  border  and  northwest  corner.  The  southern  half 
drains  into  Maple  River,  and  thence  to  Lake  Michigan,  while  the 
northeastern  third  is  drained  by  small  tributaries  of  Shiawassee 
River,  which  leads  to  Saginaw  River  and  the  bay.  The  streams  are 
small,  and  in  the  smaller  ones  there  Ls  little  or  no  water  during  » 
large  part  of  the  year.  These  natural  waterways  have  been  exten- 
sively added  to,  in  the  flat  portions  of  the  county,  by  large  ditchinjr 

aHeim  Hrotliors,  analysts. 
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sfrationsy  so  that  portions  of  the  area  are  overdrained  except  for  a 
prt  flood  time  in  the  spring. 

STlie  rolhng  portion  of  this  county,  as  in  the  others  discussed,  has 
e  more  penetrable  soils,  with  strata  capable  of  storing  large 
ifeounts  of  water  near  the  surface.  Hence  in  this  area  the  wells  are 
%4  \isually  deep,  many  of  them  being  of  the  open  dug  type,  with 
teae  sewer  tile  or  cement  curbing.  Such  wells  are  often  as  shallow 
1 10  or  12  feet,  while  they  sometimes  reach  a  depth  as  great  as  60 
M.  They  frequently  yield  abundant  supplies  of  excellent  water; 
-^  where  they  are  in  the  depressions  and  valleys  the  supply  is  larger 
J^  less  affected  by  drought  than  it  is  when  they  are  on  the  slopes 
^ttops  of  the  ridges. 

•J' Tubular  wells  are  general  in  almost  every  neighborhood  in  the  roll- 
||g  portion  of  the  county.  In  a  list  of  over  200,  furnished  by  Mr. 
Slivers,  of  Alma,  the  greatest  depth  reported  was  195  fe^t,  reached 
p.  attempting  to  increase  the  flow  of  a  shallow  well,  while  the  shal- 
imrest  was  13  feet  deep.  About  one-half  the  entire  number  were 
4eBS  than  55  feet  deep,  while  less  than  one-eighth  were  over  100  feet. 
Of  the  entire  number  nearly  25  per  cent  were  flowing  wells,  located 
eliiefly  in  the  Alma  area. 

In  a  list  of  wells  on  the  farms  of  Mr.  A.  W.  Wright,  of  Alma,  in  the 
townships  of  Arcada  and  Pine  River,  in  the  same  region,  17  wells  are 
reported.  Of  these  all  but  foiir  are  more  than  100  feet  deep  and  two 
are  over  200  feet,  the  deepest  being  218  feet  and  the  shallowest  45 
feet.     These  are  nearly  all  pump  wells,  equipped  wath  windmills. 

There  are  several  areas  of  flowing  wells  in  this  part  of  the  county, 
the  most  extensivel}^  developed  being  in  Alma. 

On  the  lake  plain  the  supply  varies  with  the  character  of  the  sur- 
face deposits,  whether  they  are  sandy  or  loamy,  as  they  are  in  certain 
parts  of  the  district,  notably  along  its  border,  and  in  the  vicinity  of 
Ashley,  Breckenridge,  and  Wheeler,  or  whether  they  are  compact 
clays,  as  they  are  over  the  greater  part  of  the  district.  Where  the 
surface  is  covered  with  sand  or  gravel  strata,  overlying  clay,  the  wtIIs 
are  shallow^  dug  basins  from  S  to  20  feet  deep,  and  where  the  clay  type 
of  soil  is  general,  the  w^ells  are  tubular  and  may  be  very  deep,  in  a  few 
cases  running  dow^n  over  300  feet  and  then  getting  only  small  supplies 
of  water.  The  deepest  drift  wells  in  the  county  are  found  in  Lafay- 
ette township,  where  a  few  wells  nearly  400  feet  deep  have  been 
drilled.  In  this  part  of  the  lake  plain  tubular  wells  are  more  conunon 
than  in  the  rolling  country,  and  probably  average  deeper.  In  the 
Western  part  of  the  lake  plain  shallow  dug  wells  are  the  main  w  ater 
supply. 

The  only  rock  w^ells  in  the  northwestern  part  of  the  county  are  the 
salt  wells  at  Alma  and  vSt.  Louis,  where  the  rock  surface  is  down  325 
to  500  feet. 
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In  the  southeast  corner  of  the  county,  around  AslJey  and  Bannistei; 
the  rock,  surface  is  not  so  deep  as  farther  north,  and  here  are  inaiq 
rock  wells,  a  considerable  number  of  which  flow.  In  the  same  paij 
of  the  county  are  areas  of  flows  from  the  drift,  while  dug,  bored, 
drilled  wells  of  various  depths  reach  small  supplies  of  water  in  th 
more  porous  strata  of  the  drift,  but  the  largest  and  most  permanent 
supplies  in  this  district  come  from  the  rock,  wliich  ranges  from 
about  20  feet  in  sec.  24,  Elba  Township,  to  about  150  feet  in  the 
vicinity  of  Ashley. 

The  western  part  of  the  district  depends  mainly  on  shallow  bored 
or  dug  wells  for  its  water  supply. 

SUPPLIES  BY  DISTRICTS. 

ABCADA  T0WK8HIP. 
ALMA. 

Alma  is  situated  in  the  northern  part  of  Gratiot  County,  on  tlia 
broad  terraces  and  slopes  of  the  shallow  vaUey,  here  a  mile  or  mon 
wide,  in  which  Pine  River  flows. 

Public  and  private  sitpplus. — The  pubUc  water  supply  is  furnished 
by  a  well-equipped  municipal  plant  in  charge  of  a  public  board,  whicli 
has  leased  the  pumping  for  a  term  of  years  to  a  private  company 
which  controls  the  water  power  developed  by  a  dam  in  the  river.  Tlw 
water  is  pumped  from  Pine  River,  below  the  dam,  the  direct  system (rf 
distribution  being  us(»d,  and  serv^es  to  give  fire  protection  and  street, 
lawn,  and  garden  sprinkling,  and  also  water  for  flushing,  sanitary 
purposes,  and  manufacturing.  There  is  a  well-planned  and  partly 
developed  sewer  system. 

Since  the  public  supply  is  not  safe  to  use  for  cooking,  drinking,  and 
other  potable  purposcvs,  a  supj)ly  is  obtained  for  these  us.  s  from  dug 
and  driven  wells  of  various  depths — from  less  than*  10  to  150  feet. 
Shallow  dug  wells  are  the  only  source  of  water  for  domestic  use  in 
some  parts  of  town,  and  in  a  number  of  cases  the  water  used  by  a 
f.iniily  was  reported  to  come  from  a  basin  made  by  sinking  a  single 
sewer  tile  of  large  diameter  in  the  cellar  of  the  house,  the  water  rising 
in  this  sufficiently  to  be  dipped  or  pumped  out.  This  type  of  well  is 
found  at  the  foot  of  a  low  ridge  with  sandy  slopes  which  runs  irregu- 
larly across  from  the  western  to  the  northeastern  part  of  the  city. 

A  second  kind  of  well,  common  in  the  higher  parts  of  town,  is  made 
by  sinking  a  cement  cylinder  through  the  clay  to  some  water-bearing 
stratum  15  to  30  feet  down:  this  and  the  sc^wer-tiled  well  are  about 
equally  popular.  Deeper  wells  are  generally  drilled  or  driven,  and  are 
50  to  100  feet  deep. 

FhniAng  irells. — In  the  parts  of  the  city  on  the  terraces  of  the  river 
vall(\v,  howevcT,  the  greater  part  of  the  water  used  for  domestic  pur* 
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omes  from  flowing  wells,  a  great  development  of  this  supply 
been  made  here  (fig.  42). 

area  of  the  present  development  is  small  considering  the  large 
r  of  wells,  for  the  total  length  of  it  is  somewhat  less  than  1 }  miles 


the  lower  terraces  of  the  rivcT  and  tlie  t^reatest  width  about  a 
r  of  a  mile. 

wells  are  all  or  nearly  all  driven  or  drillcHl,  and  are  from  20  feet 
to  150  feet  in  doj)t li,  and  vary  in  the  rate  of  How  from  less  than  a 
>  20  or  more  gallons  a  minute.  The  head  where  greatest  is  only 
18  feet  above  the  level  of  tlie  mean  water  level  oi  \.\\e  twcy  . 
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The  water  is  invariably  hard,  and  contains  a  considerable  amounti 
iron  in  the  form  of  the  acid  carbonate;  enough  to  give  a  distil 
blackish  coloration  to  strong  tea  if  turned  into  it  when  fresh  from  1 
well.    The  water  also  deposits  these  salts  in  the  form  of  abundant! 
dish  or  yellowish  incnistation  on  the  surface  of  the  glass  and  crocht    i: 
ware  in  which  it  is  allowed  to  stand.     This  incrustation  is  so  closd 
adhiTcnt  that  it  can  be  removed  only  by  the  use  of  some  acid.    Tk 
water  also  actively  attacks  tinware  and  soon  rusts  holes  in  it. 

The  water  when  fresh  from  the  wells  contains  an  exc^ess  of  ( 
bonic  acid,  which  decomposes  on  exposure  to  the  air,  the  caitNl 
dioxide  passing  off  and  the  calcium  and  iron  bicarbonates( which i 
also  decomposed)  being  in  part  precipitated  as  the  normal  carbonata   : 
forming  the  incrustations  mentioned  above  and  the  tea-kettle  scale 
The  carbonic  acid  is  probably  the  active  agent  in  rusting  the  tin. 

The  water,  although  somewhat  heavily  charged  with  mineral  mat 
ter,  is  a  good  chalybeate  (iron)  water,  and  except  in  certain 
should  be  as  healthful  as  any  ground  water  in  this  region.     Acen 
amount  of  the  excess  of  lime  and  iron  may  be  removed  by  boiling  if  i 
any  case  this  is  considered  desirable.    . 

The  water  is  reported  to  come  from  a  thick  bed  of  sand,  with  gra? 
intermixed,  apparently  in  beds  of  small  lateral  extent  and  r&ti 
slight  thickn(\ss.     The  only  well  which  has  been  put  down  to  the  Wi 
rock  is  the  deep  mineral  well  at  the  Alma  Sanitarium.     The  driflertj 
record  of  this  is  as  follows: 

Drillir's  ncord  of  Alma  Sanitarium  well. 
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This  record  is  in  j)art  conliriued  by  the  report  of  Mr.  Hany  GhiverSy 
of  Alma,  who  kindly  furnislKMJ  the  following  record  of  the  east  toiMi 
well,])ut  down  by  him  in  1904.  Aside  from  those  of  the  sanitarium  this 
is  the  d(H^pest  well  in  the  city. 

Hiconl  of  fast  town  well,  Alina. 
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Mr.  Chivers  also  reports  that  in  general  throughout  the  city  tb^ 
hard  pan  or  clay  on  the  liigher  elevations  is  about  70  feet  tliick,  vary- 
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p  from  this  to  about  40  feet  near  the  bottopi  of  the  valley.  Below 
M  depth  it  is  rather  rare  to  find  clay,  but  beds  of  coarser  sand  and 
fcvel  in  the  finer  sand  bed  are  not  uncommon,  and  from  these  the 
wing  water  comes. 

It  is  apparent  that  this  stratum  of  the  drift  consists  of  a  very  thick 
d  of  permeable  material,  which  has  scattered  through  it  coarser 
ds  of  greater  or  less  extent,  through  which  water  can  move  more 
pidly  if  opportunity  offers.  The  fine  sand  is  very  greatly  in  excess 
the  coarser  gravel,  both  in  thickness  and  in  area,  and,  while  it  con- 
Lns  water,  probably  to  the  point  of  saturation,  will  give  it  up  to  the 
>re  permeable  gravel  rather  slowly.  However,  because  of  its 
dater  abimdance,  the  sand  will  yield  a  total  amount  of  water 
mich  will  always  keep  the  gravel  full  unless  the  drafts  on  the  latter 
B  very  heavy. 

-Although  the  sand  itself,  because  of  its  relatively  small  capacity  of 
SMismitting  water,  will  not  yield  flows  or  even  supply  pumps  of 
dinary  capacity  (unless  large-sized  pipe  is  used,  a  thing  not  com- 
only  done),  it  nevertheless  serves  an  important  purpose,  for,  being 
ore  or  less  completely  saturated,  it  serves  as  a  capping  stratum  to 
le  gravel,  and,  as  back  from  the  valley  it  rises  to  a  greater  altitude 
Lan  the  wells,  it  may  be  a  chief  agent  in  causing  the  flows  from  the 
>arser  material. 

It  is  probable  that  the  whole  or  some  part  of  the  margin  of  this 
eposit  of  sand  is  more  or  less  exposed,  either  directly  at  the  surface 
r  through  permeable  beds  of  surface  material,  to  the  rain  water  as  it 
»aks  into  the  ground.  This  exposure  needs  only  to  be*  far  enough 
ibove  the  level  of  the  height  to  which  the  water  rises  in  the  wells  to 
bold  the  ground-water* level  sufficiently  high  (allowing  for  a  certain 
loss  due  to  friction)  to  give  the  existing  pressure  or  head,  which  is 
about  18  feet  above  the  river.  This  would  not  require  land  any 
higher  than  much  of  that  which  lies  west  and  north  of  the  city,  and  it 
is  in  this  region,  in  all  probability,  that  the  catchment  area  lies,  as  the 
surface  rises  steadily  in  these  directions.  But  it  is  also  likely  that  all 
of  the  surrounding  country  to  some  extent  contributes  to  the  supply 
from  its  ground  water.  The  head  here  could  not  have  its  origin  in 
the  region  to  the  east  and  northeast,  for  this  is  too  low,  and  the  same 
may  be  said  of  the  region  to  the  south,  where  also  the  soil  may  not  be 
sufficiently  porous  to  take  in  the  requisite  amount  of  water. 

As  the  development  of  the  area  at  the  lower  levels,  near  the  bottom 
of  the  valley,  has  gone  on  there  has  been  a  gradual  lowering  of  the 
head  of  the  wells  of  the  hitjher  parts  of  tlie  town,  and  not  a  few  wells 
which  formerly  had  good  Hows  liave  ceased  entirely,  and  are  now 
pumped  or  flow  below  the  l(^vel  of  tlie  surface. 

A  ver^^  large  part  of  ihis  |)erinanent  lowering  of  the  head  is  due 
to  entirely  useless  waste,  wliicli  may  even  l)e  a  detriment  to  the 
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owner  in  that  it  compels  him  to  maintain  a  larger  drain  to  carry  of 
the  water  than  would  otherwise  be  necessary.  Sometimes  the  waste 
is  larger  than  necessary,  because  of  thoughtlessness  or  indifference, 
but  in  most  cases  it  seems  to  be  due  to  the  oa^ticV's  vanity.  H« 
likes  to  have  it  said  that  his  well  has  the  largest  flow  in  the  nei^ 
borhood,  and  he  does  not  consider  that  this  spirit  may  eventually,  or 
even  immediately,  cut  off  the  supply  to  some  other  owner  entirdy 
and  put  him  to  the  expense  of  providing  a  pump.  By  inspecting  tht 
list  of  wells  it  wiH  be  seen  that  some  are  allowed  to  flow  at  the  rated 
10  gallons  or  more  a  minute,  or  more  than  450  barrels  per  day— ill 
amount  enormously  beyond  the  needs  of  any  family  or  any  neighbo^ 
hood.  Two  wells  at  the  lowest  level  of  the  river  valley,  very  near 
the  level  of  the  water,  were,  at  the  time  of  the  wTiter's  visit,  flowiDg 
the  full  size  of  the  casing  at  the  level  of  the  ground  and  the  wat^rw» 
not  being  used  at  all,  as  the  wells  were  located  on  vacant  land.  Theae 
wells,  because  of  the  low  level  at  which  they  are  placed,  have  undoubt- 
edly been  a  chief  cause  in  lowering  the  general  head  of  the  area,  tt 
they  have  been  running  a  number  of  years,  except  for  brief  intervals, 
when  they  have  been  temporarily  closed. 

Alma  is  justly  proud  of  these  flowing  wells,  and  it  would  be  wise 
for  her  citizens  to  guard  against  the  waste  of  this  important  natural 
resource  by  reducing  the  size  of  the  flows  of  the  wells  near  the  river 
and  in  other  low  places  to  something  like  the  needs  of  the  ownere. 
If  the  structure  of  the  water-bearing  beds  is  as  explained  above,  thai 
the  waste  of  any  large  amounts  of  water  from  any  weU  will  affect  the 
whole  su])ply  and  tend  to  decrease  the  flows  of  aU  the  wells,  and  of 
course  this  tendency  will  be  first  noticed  in  the  wells  nearest  the 
level  of  the  head  and  later  on  the  lower  ground.  The  wise  thing  to 
do  would  be  to  reduce  the  size  of  the  outlet  pipes  in  all  the  wells  to 
such  a  diameter  as  will  give  water  enough  for  the  needs  of  the  owners, 
but  not  allow  any  large  waste.  It  would  be  very  rare,  indeed,  that 
any  family  could  not  get  all  the  water  it  needed  from  the  flow  which 
would  run  througli  a  pipe  one-fourth  of  an  inch  in  diameter,  and 
excej)t  in  special  cases  this  sliould  be  the  size  used. 

Aside  from  waste  there  are  a  number  of  other  causes  which  in  indi- 
vidual cases  are  responsible  for  diminution  or  cessation  of  the  flow. 
Among  these  are  leaking  througli  or  around  the  casing,  the  filling  of 
the  lower  part  of  the  well  tube  with  fine  sand,  the  clogging  of  the 
strainer  by  fine  silt  or  mud  or  by  incrustations,  as  discussed  on  pages 
128-130,  and  probably  also  the  general  lowering  of  the  ground-water 
level  in  the  catchment  area  during  dry  times,  which  affects  all  th< 
wells  to  a  greater  or  less  extent,  those  on  higher  ground  first  and  most 

From  consideration  of  the  height  to  which  the  water  will  rise  abo^' 
the  level  of  the  river,  it  is  evident  that  all  parts  of  the  river  valU 
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hich  are  more  than  17  feet  above  this  level  will  be  too  high  for  flows, 
»  any  extension  of  the  area  will  be  confined  to  the  lower  parts  of  the 
gdley. 

Since  the  lower  terraces  of  the  valley  are  generally  narrow,  and  in 
laces,  both  above  and  below  Alma,  disappear  almost  entirely,  it  is 
^ident  that  the  area  of  flowing  wells  can  not  be  greatly  extended, 
nfortunately,  no  records  are  available  which  give  any  correct  idea  of 
18  directions  in  which  the  water-bearing  sand  extends,  for,  as  will  be 
^en  by  inspecting  the  tables  of  the  Alma  wells  (pp.  210-211),  the  depth 
>  water  is  variable  in  the  area,  some  well  getting  its  water  from  nearly 
^ery  foot  of  the  vertical  distance  within  which  the  beds  have  been 
cplored,  a  fact  which  makes  it  practically  impossible  to  identify  the 
;rata  in  isolated  pump  wells  beyond  the  area  of  flows.  It  is  probable, 
owever,  that  both  up  and  down  the  river  valley  for  some  distance 
ows  could  be  obtained  on  the  lower  terraces  of  the  valley,  and  it  is 
uite  possible  that  the  Alma,  the  St.  Louis,  and  the  eJasper  Township 
reas  may  all  eventually  be  connected  along  this  valley  by  continuous 
nes  of  flowing  wells. 

The  great  depth  to  bed  rock  in  this  vicinity  (nearly  or  quite  500  feet, 
s  shown  by  the  record  of  the  Sanitarium  well,  p.  2 1 1 )  and  the  fact  that 
heoverlyingdrif  tcontains  abundant  supplies  of  good  water,  have  made 
t  a  rare  thing  for  wells  to  reach  down  to  the  rock.  At  the  sanitarium, 
lowever,  is  a  rock  well  2,860  feet  deep.  At  this  depth  the  water  is 
ery  highly  charged  with  salt  and  other  mineral  matters  and  is  used 
►nly  for  medicinal  purposes  and  baths  and  in  the  manufacture  of  sev- 
eral proprietary  articles.  The  water  in  this  well  rises  nearly  to  the 
lurface. 

The  fact  that  at  Alma  the  rock  surface  is  500  feet  below  the  surface 
)f  the  ground,  while  at  St.  Louis  and  Ithaca  the  depth  is  about  150 
Feet  less,  the  ground  suiface  being  about  the  same  level,  indicates  the 
presence  in  the  rock  surface  of  a  valley  which  has  been  buried  by  clay 
and  gravel  deposits.  Such  buried  valleys  are  often  important  factors 
m  producing  flowing-well  areas,  although  here  the  bottom  of  the  water- 
bearing stratum  is  so  far  above  the  level  of  the  bluffs  of  the  buried 
valley  that  this  may  not  have  any  effect  on  the  head  in  this  area. 

The  data  given  in  the  following  table  are  largely  furnished  by  drillers 
or  well  owners.  The  drillers,  except  Mr.  Hover,  of  St.  Louis,  all  re- 
side in.  Alma. 

IRE  183—06 15 
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Wells  at  Alma. 


OwDer. 


Driller. 


i 


1  !  W.  A.  ThoiriM H.  CbJvcr* 


2  '  W.  S,  Tupck,., 

3  : do 

4  U,  Ferris 

5  ;  J.  M.Mt^rttfsH. 


.....do.,., 

do, ..J 

do.../ 


1SB5 
IB07 


< 


H 

A.  W.  Wripht 

V  V   Kpcnkn.. 

Tl^HJroiitJ  rpfltmrmnt.. 
SI.  l^oikiikv 

.' do„.. 

.  _..,dn 

m4 

9 
10 

,  ,,..,rto.... 
do.... 

1^7 

limn 

11 
13 

I.N.  Bminjird 

M.  Pollssky 

-Mr,  rrrlffflh. 

_,,„do..„ 
do..  ^ 

.....do.... 

14 

Jl«42 

\r, 

.LA.  <;k.s9 

Ji^ 

16 
17 

A,  J.  HrtIL 

Jloirl  Fern ^^.., 

.   C.  Ifovpr.. 

lAia 

18 

f.  F.  Siiydnm,,,,..„ 

.1.   F.  SellWHTt/.....,.. 

J9flO 

?0 

(k  S,  Wurd . 

igud 

21 

W,S.  Tunk.. 

. — . , 

22  Ciuinli  Lth)tk.....,„.  Chlvefti, 

23  1^.  J,  Kmmrr ^,   ......._.._ 

21      T.  f'wjpio .--.... 


25     Aliiin  vllhigiMoflstK..   l*bh-ers,,_    ttMM 


2.S 
•2H 

;«) 

31 
32 

;« 

31 


3r. 

37 
3S 

30 
40 
41 
42 
43 


BrHwIjuki'T 

Km^lcv , .     . . . . 

It.  \\  r^tnhvjird. 


dn. _..._.__ 

M.J-  riullaj'..,.,. 
.^   VVNlK^rd...... 

l'liHJ<.  IVj>ljiiily . .. 
n,  l^rt'wfwik.r}-. ... 


.   [lifvarn. 


J«ti7 
mil 


rnlftfj  Jvthn<i| ..    lfii<i 

\\.  \.  WnMki'... f  hivi'r*v.  .    i^sn 

.1.  51.  Mimrip'l... .,.   . 


<?,  W.  t*rinj:h^.... ! 

i ! .  J1,  Tn rniKi- „ .       lliU  ' 

(I'oorf^'o  ^'olm^ UUi  I 

T.  M.  Harkor. Hioi  i 

Doctor  I'riiiple ; 1.S78 


44  I  Mr.  St  ruble. 


K.  A  in  sherry  . . . . 
H.  F  Thompson. 

\V    S.  Tnrck 

George  Young. . . 


('.  A.  Hicks I 

().  M.  Cargett ; 1880 

(5.  Bihison ■ 

N.  F.  McCulloiigh ; 

Smith  &  Glass  Co • 

'  i 


t 


i 

p 


Ft       Ft 

m  +2 

6Q  +LA 

72  :+t.lft 


77 

05 

4« 
57 
IS 
ISO 


+3 
+0 

+2 
+% 
+10 
+6 


2.S 
US 


1.25 

1 
2 

2.5 
10 
f 


55  +S 

75  +1. 25 

103  +1        ! 

7(J  4-  .5 

ITO  +  .d    ; 

00  +6 


.5 

.5 

.25 
,25 


^    +4 

OH   +L 


L25 

i«!i  +f.^ ;  2.& 


73  ' 


m  ■+2.a5 
eo  :-f2.5 

33  l-i-  -5 
Sn   -I-L3B 

,+2 

nil  -K2-5 

5(J  ,  +  lH 


2 
1 
1 

.25 


ty>  4  1^ 


fS 


Ikt  4-4.5 

70  4  3 
72  +2 
S.'i  +3 

71  +4 


2  :       70  4-4.:) 

1  ' 4-3 

2  :  70  -f2.5 
2  i       78  4-   .a 

1 

2  ■  70  4-1.  r» 
Ij;  90  ;4-1..5 
2  ; 14-2 

1  '     60  ;  4-  .5 

2  ,     103  14-  .5 


E 

e 


Remarks. 


GO  ' 


53i: 


£0.6 

«.8  I 
49.S  ' 
30       I 


Piped  undergrouDd  tt 
outlet. 

Pftslure  well 

First  lowered  by  wcHiil 
N.  f'hurch  (No.  Hfc 
Ihen  by  those  of  Uoiai 

SL-nCH>I(NO.»).fcWil 

iwt  to  0,  and  tnm  S 
^llotis  to  ]  gftUon. 


ID.  a 


Flow  at  25  feet. 

line    of   the  oldest  ii 

lo^vn:  reduced  bj  Xo. 

13, 


50.5 
50     ; 


trmd  und  flov  kn  tbtn 
al  flrxt. 


50.2 


51 


flO     1 

19.8  ' 
51 
51 
55 

52      I 
51 

52 


IQ  c^lbr;   uf>ed  to  flow 
'      a  bove. 
Do. 
[  I D  cff Llfl  r :  flow  here  fonn- 
{      nrly  ftt  100  feet 

.    Flow  1j:i  cellar:  pumped. 
|ltnprf)ved    by 
I      mi  in  ping. 


'A) 
50 
.W 

.")0 

.'iO 

.'•0.2 

52 

49 


pTjinpIng. 
Town     well,    used    m 
drinkUig  fountain. 


f  ti^a  ^.  '>  feet  lower  than 
fomiprly. 


Feed  b«ra  on  Superior 
Pt  roet. 

At  power  station,  bank 
of  river,  8  feet  above 
wiit4*r:  3  veins  of  water 
ftbovir  this;  clay  with 
hanipan  between. 

Fiowp  in  cellar. 
V^f}  til  cool  engine  cyl- 
inder. 


Opposite  residence. 

Head   much  niore,  but 

cut  off  here. 
Flows  at  20  and  40  feet 

al.so. 


At  dairv  bam. 
Cut  oflat  -3  feet  to  se- 
cure good  flow. 


Formerly  flowed  •b^'T^ 
surface;  now  cut  off  ^* 
cellar. 
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Wells  at  Alma — Continued. 


Owner. 


Driller.    ;     2 

i     c 

'I 


E 

CO 

•  5 


I 


rVirada i  Chivcre. 

bs ; 


rk : 

.adleigh 1885 

'aid  well ,  Chi  vera...    1808 

lubb j 

arthy ! 

,»eonard Chivers 

^anitariuin  Co do 


Her 

hting 

dson 

rimby 

$mlth 

iring 

Paddock 

inah 

rillage  (west) 


>olite 

rreamery . 


t  &  Moore. 


;ardu8. 


Icox 

^ugar  Co.?. . 
e  Company  , 


Chivera. 


Chivers...    1«04 


1888 
1888 


1903 


Manufacturing    1903 


factor>' 

('base 

Jennett 

factor>- 

igkinsoD i  Eagon.. 

Igkin^on ■  Chivers. 

et do.. 

.  Nelson : do.. 

onkite 

Jlass ' 

ing ! 

me 

■Jmith ; 


.  Lane 

man 

V  Vermenken 

outenberg 1H9() 

•:iy 

ihnell 

ig 

ersoll 


70  :-f  1 

67  :-»-i 

83    +1.5 
80  j  +  1.5 
fi.'i  i+2.5 
22    +1 
20    4-  .5 


Chivers. 


ISSS 


ress  ? 

Kd  wards Chivers. 

rk. 


ims \.  Kuj^on.    lhH\ 

llollenbeck do 

1  V'alkenberg. . .    Chivers 

rris A.  K.u^'on 

erton 


1 

u 


a 

Eh 


Uomiirks. 


Nearly  stopped  flowing; 
formerly  good  flow. 


Park  well,  flows  In  bot- 
tom of  well  house; 
used  for  medicinal 
purposes. 


Now  pumped. 

Used  for  drinking  foun- 
Uin. 


I  In  1904  flowing  full  size 
of  pipe,  but  with  di- 
minisned  head:  water 
entirely  wasted. 

Flows  at  surface,  but 
pumped. 


Two  wells  flow  in  base- 
ment. 
Flow  in  basement. 


.  I  No  data. 

I 


.5 
.25 


I  50      I 

i  49.8  I 

I  50      ! 

50      I 

50      ! 


i  Pumped,  but  would  flow 

I      a  little. 
. '25    Now  pumped. 


12    +   .5 

.50 

Do. 

20    

Flow  small;  pumped. 

62    -1.5 

I^umpod. 
Flow  in  cellar. 

107  I 

93    +  .5 

.25 

Still     flowing,    but 
pump<Hl. 

03    +1 

.33 

.V).  5 

Tsed  to  flow  more:  .sand 
has  clogged  strainer. 

+2 

2.5 

■A).  3 

93    +\ 

o 

50 

Tm    +1.5 

.5 

49. 5 

60    +1 

.2.') 

!.■)    +1.5 

.5 

.'io 

7S  '  +  1 

1 

<I0    +0 

.  5  +: 

Flow.s  top  of  ground. 

Cm     +1.5 

1 

:.(') 

levation  of  the  wells  in  the  above  table  ranges  from  728  to  746 
ve  tide.  The  waters  of  almost  all  are  reported  as  hard,  with 
►n.     The  water  bed  in  alJ  is  gravel. 
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Number  ofwdls  of  different  depths. 

Depth  in  feet. 


10  to  20.. 

Depth  in  feet. 

;  Nuin- 
1  berof 
{  wells. 

2 

30  to  40.. 

6 

40  to  50.. 

;         21 

TiOtoeO.. 

11 

i 

60  to  70 I  ' 

70  to  80 I 

80  to  130 4  1 


VICINITY   OF   ALMA. 

Aside  from  the  large  ilevelopment  of  flowing  wells  at  Alma,  whick 
is  located  in  Arcada  Township,  there  is  a  single  small  group  of  flowing 
wells  2^  miles  southwest  of  the  town,  on  the  farm  of  John  Wolf,m 
the  northeast  part  of  sec.  8.  This  group  consists  of  two  wells  situated 
on  the  terrace  of  Pine  River,  a  short  distance  west  of  the  stream  and 
about  15  feet  above  its  level.  The  flows  are  small,  rising  about  6  feel 
above  the  surface  from  gravel  41  feet  below  it.  The  water  is  notee 
hard  as  that  in  old  dug  wells  near  by. 

The  catchment  area  is  probably  to  the  west  or  northwest,  but  the 
head  may  well  be  derived  from  the  ground  water  m  the  slight  ridge 
which  lies  only  a  short  distance  to  the  west.  It  is  probable  that  this 
terrace  at  other  points  would  yield  flows  from  the  same  waterbed. 
Indeed  for  many  years  there  \vas  a  small  flowing  well  at  the  school- 
house,  across  Pine  River,  in  the  northwest  comer  of  sec.  17,  which 
has  now  ceased  flowing. 

Water  is  reported  to  rise  a  considerable  distance  in  tubular  welb 
to  the  west  and  south,  and  in  the  "great  swamp''  district  in  this 
township  some  of  the  wells  were  said  to  have  flowed  at  one  time. 
These,  however,  have  gradually  lost  head,  until  now  the  wat«r 
stands  'S  to  4  feet  l)elow  the  surface. 

In  this  township  the  banks  of  the  river  have  many  places  in  which 
seej)age  springs  occur  at  the  junction  of  gravel  and  underlying  clays. 
These  springs  are  generally  very  small  and  unimportant.  By  the 
roadside  in  a  stream  valley,  near  the  east  and  west  quarter  line  of 
sees.  T)  and  6,  is  a  larger  springy  area,  which,  if  it  were  developed  and 
a  basin  provided,  would  yield  a  good  supply  of  water  for  stock. 

WtUs  souihvist  of  Alma  istc.  8,  T.  11  N.,  R.  3  W.). 


l>i-  ;  Ele-  ^;il^'      Tom- 


Whon      •''"  *'^'^  Ivor        ^^^'  !  Water 

Owner.         ,„!;f"    aino-   Depth.;    va-     IleA*l.      J,;^        pora-  QuaUty.  '     -    • 


ter.  :  I  tion. :  "j'^*"       tiiiv. 


bed. 


,  In.      Feel.     Feet.     Feet.      Oom.       °/'. 
John  Wolf'*.. I     mY2    ;       2           41  '    T.Vi  !        +6!       0.5    Not  very  hard Gravel- 
John  Wolf  o..,    1902    :       2;        -11  :    7r«  ;       -1-0 ;         .5;     52.2   do '       Do- 


o  Inclosed  in  house.  b  Barnyard  well. 
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SEVILLE  T0WH8HIP. 
RIVERDALE. 

Riverdale  is  situated  in  the  broad  flat  valley  now  occupied  by  Pine 
veVy  and  is  only  a  few  feet  above  the  level  of  the  river.  The  soil  is 
irse  gravel,  underlain  at  from  3  to  6  feet  or  more  by  a  stiff  blue  clay. 
Wells  are  generally  from  23  to  26  feet  deep,  the  shallowest  16  and 
\  deepest  100  feet.  The  water  comes  from  a  gravel  stratum,  and 
5s  in  the  pipes  nearly  to  the  surface.  A  few  wells  in  low  places  are 
)wed  to  flow  into  basins,  and  the  water  is  then  dipped  or  pumped. 
Strong's  hotel  is  a  well  52  feet  deep,  in  which  the  water  rises  from 
\  bottom  nearly  to  the  surface. 

[t  is  evident  from  the  above  that  at  the  lowest  points  in  the  town 
I  water  would  rise  above  the  surface.  Indeed,  one  such  well  at 
grant's  mill,  nearly  three-fourths  of  a  mile  south  of  town,  in  the 
V.  1  sec.  6,  Sumner  Township,  flows  at  an  altitude  of  790  feet, 
is  well  is  reported  to  be  25  feet  deep.  It  used  to  flow  about  IJ 
t  above  the  surface,  but  in  dry  weather  lowered  a  foot,  the  supply 
jening  from  2  or  3  quarts  to  1  quart  a  minute.  The  temperature 
yi'^  F.  The  well  was  bored  in  1903,  and  the  following  beds  were 
»ed  through: 

Record  qfweU  at  Bryonies  miUy  near  Riverdale. 

.  Thickness.      Total. 


Feet.  Fert. 

eel... 
?cUy 
vel... 


12  I  12 

9  or  10       21  or  22 


3  ,     24  or  25 


There  are  several  possible  sources  for  public  supplies:  The  river, 
lich  in  the  region  north  and  west  of  Riverdale  is  a  spring-fed 
earn  flowing  through  a  tliinh^-settled  country,  should  furnish 
good  supply  of  pure  water.  Several  brooks,  fed  by  springs, 
»  near  enough  to  be  considered,  and  would  be  more  easily 
pt  free  from  contamination  than  the  river,  because  of  smaller 
ainage  areas.  Mud  Lake,  a  small  lake  near  the  town,  should  give  a 
od  supply  of  water  in  spite  of  its  name,  because  of  its  situation  and 
e  amount  of  water  which  flows  out  of  it.  There  are  many  strong 
rings  within  short  distances  of  the  town,  and  careful  investigation 
i^ht  easily  develop  a  good  supply  from  this  source.  There  is  a  very 
ringy  track  a  short  distance  south  of  town,  across  the  river,  which 
ould  furnish  an  abundant  supply  of  pure  water  by  enlarging  the 
tlets  and  constructing  artificial  basins.  A  series  of  large  tubular 
'lis  might  be  put  down  in  the  lowest  part  of  the  town,  or  a  large 
tern  might  be  built  down  to  the  water-bearing  stratum  which  ruost 
the  private  wells  rcHcJi,  and  a  sufricient  supply  \)i>  oV>V«J\\i'^v\. 
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ELWELL. 

This  village  in  the  northwestern  part  of  the  county  has  wells  c 
from  14  to  26  feet  deep  and  tubular  wells  to  40  feet  deep.  Serf 
tubular  wells  get  a  good  supply  of  water  in  gravel  below  clay  at 
feet.  The  water  is  hard  and  rises  to  within  4  to  8  feet  of  the  surfa 
The  average  depth  of  17  wells  is  23  feet,  the  deepest  being  27  f 
and  the  shallowest  14  feet. 

NORTH   OF   ELWELL. 

About  1 J  miles  north  of  Elwell  there  is  a  flowing  well  areA,  wh 
lies  on  the  south  side  of  sees.  23  and  24,  near  the  foot  of  the  sou 
easterly  slope  of  a  high  and  gravelly  morainal  ridge,  which  here  r 
northeast  and  southwest.     This  ridge  is  the  probable  catchment  a 

There  are  two  wells  now  flowing  and  three  others  in  the  areA  vl 
were  reported  to  flow  when  in  order.  One  of  these,  a  dug  well, 
purposely  been  partly  fdled  to  prevent  the  strong  overflow  and  is 
pumped.  The  flows  were  small  with  sUght  head,  and  the  wat 
obtained  from  a  depth  varying  from  9  to  110  feet,  the  supplies  » 
ing  very  irregular  in  their  distribution.  The  water  is  of  raec 
hardness  and  rather  free  from  iron.  The  table  below  gives  the 
relating  to  these  wells. 

It  might  be  possible  to  extend  the  area  to  the  south  of  the  pn 
wells  if  the  water-bearing  strata  continue  in  that  direction,  as  s 
probable.  No  wells  in  that  part  of  the  town  flow  at  present, 
this  is  j)robably  because  they  do  not  go  deep  enough. 

Tliree  large  springs  in  this  vicinity  were  pointed  out  by  Mr.  Wi 
Pitt,  whose  interest  in  this  survey  is  highly  appreciated.  Oi 
these,  on  the  farm  of  Mr.  George  Sandel,  in  the  SE.  }  SW.  }  sec. ! 
estimated  to  flow  about  oO  gallons  a  minute.  The  water  boil 
from  coarse  sand  and  gravel  in  the  bottom  of  a  shallow  basin 
flows  off  in  a  considerable  stream.  It  is  used  only  to  water  s 
The  second  of  these  springs  is  really  a  group  of  considerable  si: 
the  farm  of  Henry  Carl,  situated  in  the  NW.  }  NW.  }  sec.  26.  1 
are  "  niound  springs,"  built  up  of  calcareous  tufa  to  a  height  of  a 
2  feet  above  ground  level,  from  which  height  the  water  now  is 
The  outflow  from  these  springs  is  at  least  50  gallons  a  minute,  ] 
ably  nnich  more,  rumiing  off  tlu'ough  many  small  channels. 

The  third  '^spring'*  is  apparently  a  very  shallow  flowing  well 
to  supply  water  for  a  portable  sawmill.  It  is  on  the  farm  of  . 
Sadler  in  the  NW.  }  sec.  34.  The  outlet  is  about  3i  feet  s( 
through  4  feet  of  clay  to  coarse  gravel,  with  no  attempt  to  wall  i 
The  water  runs  in  at  the  bottom  of  the  hole  about  8  feet  belo\ 
surface  in  a  swift-flowing  stream  and  overflows  in  an  outlet  16  u 
wide  and  2  inches  deep.  It  is  now  used  only  to  water  stock  wh 
the  pasture. 
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rhe  water  from  all  of  these  springs  is  cold  and  clear,  quite  hard, 
d  with  no  large  amount  of  iron  present. 
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>Hard  cla^  from  2  feet  below  surface;  sanded  up. 

^  Not  flowing  at  present  because  of  loose  casing. 

'Said  to  flow  8  to  10  gallons  a  minute;  now  stopped  by  sand. 

<  Dug  well:  flowed  a  large  amount  formerly,  but  was  partly  fiUed  at  the  bottom,  and  Is  now  pumped. 

'Called  a  spring. 

PDIE  BIVEB  T0WH8HIP. 


FLOWING-WELL  AREAS. 

Aside  from  the  development  of  flowing  wells  in  Alma  and  St.  Louis, 

)th  of  which  were  originally  partly  in  Pine  River  Township,  there 

e  five  small  areas  of  flowing 

ells  in  the  rural  parts  of  the 

^\Tiship  which   probably  may 

i  considered  as  independent  of 

le  another  and  of  those  in  the 

wns,   since    they    are    getting 

iter  from  different  depths,  and 

e  separated  from  one  another 

to    well-marked    and    distinct 

tsins  by  low  ridges. 

Area   No.  1, — The    first    area 

ee  fig.  43)  is  in  a  shallow,  rather 

irrow,  poorly  drained  valley,  2 

iles    north    of  Alma,   running 

:>\\\   the   east   side   of   sec.    20 

utheast  and  then  east  toward 

ne  River.     The  valley  extends  farther  to  tlic  northwest,  but  no  wells 

^re  reported  in  that  part  of  it,  possibly  because  it  is  not  yet  fully 

ider  cultivation.     The  area  developed  is  less  tlian  2  scjuare  miles. 

The  wells  are  shallow,  from  15  to  30  feet  deep,  bored  or  driven,  and 

ive  slight  head,  which  has  already  l>een  lowered  by  increasing  the 

imber  of  wells  and  allowing  the  water  to  waste.     The  wells  number 

3out  a  dozen.     The  lar^fest  flow  is  that  of  George  ^VvJek.^  Ovc>.  VS^ 


Fi<i.  43.— Sketch  map  of  flowing-well  district  in  areas 
1  and  2.  Pine  River  Township,  (Iratiot  Connty. 


aii«.u    i;a&v>  oa&c*&av/ ««  \'Cf  v    m  ik  avw* 


NORTH   OF   ELWEIX. 

About  1 1  miles  north  of  Elwell  there  is  a  flowing  w< 
lies  on  the  south  side  of  sees.  23  and  24,  near  the  fool 
easterly  slope  of  a  high  and  gravelly  morainal  ridge,  w 
northeast  and  southwest.     This  ridge  is  the  probable  cs 

There  are  two  wells  now  flowing  and  three  others  in  i 
were  reported  to  flow  when  in  order.  One  of  these,  a 
purposely  been  partly  filled  to  prevent  the  strong  overfl 
pumped.  The  flows  were  small  with  slight  head,  an( 
obtained  from  a  depth  varying  from  9  to  110  feet,  the  i 
ing  very  irregular  in  their  distribution.  The  water 
hardness  and  rather  free  from  iron.  The  table  below  { 
relating  to  these  wells. 

It  might  be  i)ossible  to  extend  the  area  to  the  south 
wells  if  the  water-bearing  strata  continue  in  that  direc 
probable.  No  wells  in  that  part  of  the  town  flow  at 
this  is  probably  because  they  do  not  go  deep  enough. 

Thn»e  large  springs  in  this  vicinity  were  pointed  out  I 
Pitt,  whose  interest  in  this  survey  is  highly  apprecii 
these,  on  the  farm  of  Mr.  George  Sandel,  in  the  SE.  \  S\ 
estimated  to  flow  about  50  gallons  a  minute.  The  v 
from  coarse  sand  and  gravel  in  the  bottom  of  a  shall 
flows  oiF  in  a  considerable  stream.  It  is  used  only  tc 
The  second  of  these  si)rings  is  really  a  group  of  consid 
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The  water  from  all  of  these  springs  is  cold  and  clear,  quite  hard, 
.d  with  no  large  amount  of  iron  present. 
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aHard  cUt^  from  2  feet  below  suiiaoe;  aanded  up. 

^  Not  flowing  at  present  because  of  loose  casing. 

(Said  to  flow  8  to  10  gallons  a  minute;  now  stopped  by  sand. 

i  Dug  well;  flowed  a  laige  amount  formerly,  but  was  partly  filled  at  the  bottom,  and  Is  now  pumped. 

(Called  a  spring. 

PDIE  BIVEB  T0WH8HIP. 
FLOWING-WELL  AREAS. 

Aside  from  the  development  of  flowing  wells  in  Ahna  and  St.  Louis, 
)oth  of  which  were  originally  partly  in  Pine  River  Township,  there 
ire  five  small  areas  of  flowing 
«rells  in  the  rural  parts  of  the 
township  which  probably  may 
be  considered  as  independent  of 
me  another  and  of  those  in  the 
towns,  since  they  are  getting 
water  from  different  depths,  and 
we  separated  from  one  another 
uto  well-marked  and  distinct 
basins  by  low  ridges. 

Area  No.  1. — The  first  area 
(see  fig.  43)  is  in  a  shallow,  rather 
aarrow,  poorly  drained  valley,  2 
niles  north  of  Alma,  running 
from  the  east  side  of  sec.  20 
southeast  and  then  east  toward 
Pine  River.  The  valley  extends  farther  to  the  northwest,  but  no  wells 
«^ere  reported  in  that  part  of  it,  possibly  because  it  is  not  yet  fully 
under  cultivation.     The  area  developed  is  less  than  2  square  miles. 

The  wells  are  shallow,  from  15  to  30  feet  deep,  bored  or  driven,  and 
have  slight  head,  which  has  already  been  lowered  by  increasing  the 
number  of  wells  and  allowing  the  water  to  waste.  The  wells  number 
about  a  dozen.     Th(^  lar<r(*''^t  flow  is  that  of  George  Weeks  (No,  1)^ 


Fig.  4.'^.— SkeU'h  map  of  flowing-well  district  in  areas 
1  and  2.  Pine  River  TownBhip.  Gratiot  County. 
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which  flows  6  gallons  a  minute.     The  water  is  medium  hard,  vitk 
some  iron. 

The  catchment  area  most  probably  lies  in  loose-textured  moninili 
ridges  either  to  the  north  or  south  of  the  area,  but  may  possibly  lie 
in  a  more  extensive  district  of  rolling  country  to  the  west  and  nortk 
Conditions  seem  favorable  for  flows  in  the  upper  part  of  the  vaDg, 
northwest  of  the  present  development,  especially  if  the  larger  flon 
now  nmning  are  reduced  to  conserve  the  supply.  It  is  not  probaUa 
that  flows  would  be  obtained  from  this  water-bearing  level  on  mod 
higher  land  than  that  on  which  the  present  wells  are  located,  becaoae, 
as  noted  above,  the  head  has  already  been  lowered  3  or  4  feet  by  the 
existing  development. 

Area  No.  2. — This  second  area  (see  fig.  43)  is  less  than  a  mile  nortk 

of  No.  1,  along  and  north  of  the  line  be 
tween  sec^.  2 1  and  22.  It  lies  in  a  shallot 
valley  between  low  ridges ;  covers  less  tbin 
one-half  a  square  mile,  and  contains  only 
three  wells,  two  of  which  now  flow.  These 
wells  might  be  considered  a  part  of  ant 
if      ,  eJ '%   ^L  ^^-  ^ »  ^^^  possibly  they  come  from  the 

Mf     *    W ^^    ir^&  same  stratum,  but  they  are  at  a  slightly 

higher  level,  and  it  was  reported  that  they 
are  considerably  deep>er,  except  that  of 
Mr.  Mills,  although  this  statement  could 
not  bo  verified. 

This  area  is  not  likely  to  be  extended, 
because  it  already  includes  the  are«  below 
the  level  of  the  head.  The  wells  to  the 
nortli  for  some  distance  are  reported  as  ' 
having  the  water  rise  to  within  5  or  10  feet 
of  the  surface.  It  is  probable  that  one  or 
both  of  the  low  ridges  bordering  the  valley  supply  the  water  for  tills 
flowing-well  area. 

Area  No.  3. — The  next  area  is  8  miles  north  and  IJ  miles  west  of 
St.  Louis  (fig.  44),  and  about  the  same  distance  north  and  east  of 
area  No.  1.     It  lies  in  a  shallow  depression  which  is  the  head  of  » 
drainage  valley  opening  out  to  the  south.     Low  hills  of  clay  and 
gravel  surround  it  on  the  tiLU;  other  sides.     Like  No.  2,  this  area  is 
small — less  than  one-half  a  fc;iuai "^  mile  in  extent — and  includes  only 
seven  wells,  reported  as  varying  in  depth  from  about  15  to  42  feet- 
The  flows  are  all  of  more  than  average  size,  ranging  from  1  to  4  g**-* 
Ions  a  minute,  of  hard  water  of  good  quality.     The  head  averap:^ 
from  li  to  3  feet  or  more,  althougli  most  are  cut  off  about  2  fcr^ 
above  the  surface.     Just  east  of  the  area  is  a  pump  well  at  the  schocr^ 
house,  which  was  reported  to  be  120  feet  deep,  the  water  not  risii  ^ 
vorv^  near  the  surface. 


Y\G.  H.— Skotoh  inai)  showlnp  aj>- 
I>roxiinut«»  position  <if  the  flowing 
wells  in  jiri'us  \\  anil  I,  Pirn*  Kivor 
Township,  Gratiot  County. 
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gn'ound  level  rises  rapidly  in  all  directions,  except  to  the 
is  is  the  only  direction  in  which  further  development  may 
and  here  only  near  the  bottom  of  the  valley, 
ly  the  ridges  lying  to  the  north  and  west  of  the  area  furnish 
for  these  wells,  but  it  may  come  from  the  more  porous  areas 
est. 

'o.  4- — The  fourth  area  (fig.  44)  contains  a  single  well  about 
3ep  belonging  to  Mr.  W.  J.  Brooks,  which  flows  in  wet  sea- 
not  in  dry.  It  is  located  in  a  depression,  and  lies  about  a 
le  northeast  of  area  No.  3,  and  may  possibly  derive  its  water 
of  the  strata  which  the  wells  in  that  area  strike,  but  there 
ridge  between  the  two  areas  and  they  are  best  considered 

lo.  5. — This  is  a  fifth  area  with  a  small  group  of  wells  2\ 
t  and  2  miles  north  of  Alma,  and  1 J  miles  west  of  area  No. 
ig  only  one-eighth  of  a  square  mile  as  at  present  developed. 
}  are  located  on  the  slope  of  a  stream  valley,  bordered  on 
and  west  by  a  low  ridge  with  a  sandy  slope.  At  the  time 
ily  two  were  flowing;  the  other  had  recently  failed  and  had 
ipped  with  a  pump.  The  well  with  the  best  flow  (Whit- 
11)  was  near  the  foot  of  the  slope,  and  was  flowing  5  gallons 
of  excellent,  nearly  soft  water,  with  a  head  of  about  5  feet. 
;eems  to  be  no  reason  why  this  area  should  not  be  extended 
d  along  the  stream  valley  if  the  water-bearing  stratum  holds 
it  direction,  for  the  slope  is  favorable,  and  other  conditions 
ally  so.  The  ratclmient  area  is  probably  in  the  liigher  land 
rth  and  west. 

\ry. — The  flowmg  table  contains  data  of  the  Pine  River 
ells,  arranged  by  areas: 
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W^  in  Pin^  River  Toumdiip  {T.  10  N.,  R.  S  W,). 
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4o±:  770  ;+i 


AREA  NO.  5. 


I         ' 


3()  '. .      .<lo. 

!  :^)  'i).liii(«r\Vo(V(i. 


Si) 


7(10  1+5 
7()0     -  3 


5 

49 

Rather  soft; 
iron. 

I  I        j  49 

Hard. 

"  A  2")-foot  \v<'ll  on  this  ]\]nco  stopiwd  flowing  when  this  one  was  made. 

''  rutnping  thcso  \v«'lis  alTcr'ts  all  of  th«'ni:  head  has  lowon'd  <>  to  8  f«»t.  .^ 

*  Said  to  havr  struck  flow  at  25  or  .«)  f«t>t.  luit  to  have  Ihhmi  d(»epened  to  preaejit  depth  In  hopw™F 
tinj?  a  hjrper  flow. 
d  Tsrd  to  flow,  hut  doos  not  now. 

f  Flows  from  old  pump  lop  in  two  streams.     Evidently  old.  hut  has  good  flow  into  ditch. 
/Mas  a  small  flow  in  wot  scaaoiis,  hut  d<M>s  not  flow  lil  <lry. 

FOREST    HILL 


This  village,  on  the  Aim  Arbor  Railroad  north  of  Alma,  hft^  ^ 
wells  from  18  to  20  feet  deep,  and  driHed  wells  80  to  150  feet  deep' 
reaching  rock.  The  water  is  hard,  and  rises  within  20  feet  O^ 
surface. 
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BETHAHT  TOWNSHIP. 

lis  township  lies  in  the  north-central  portion  of  Gratiot  County, 
east  of  Pine  River  Township,  and  is  almost  wholly  east  of  the 
iinal  ridges  and  is,  therefore,  free  from  the  roughness  of  surface 
ent  in  the  rolluig  portion  of  the  county. 

ST.    LOUIS. 

he  greater  part  of  this  city  is  on  a  flat  gravelly  terrace,  which  forms 
bottom  of  the  valley  along  Pine  River,  and  which  is  20  feet  or  more 
e-e  the  stream.  The  sides  of  the  valley  are  morainal  ridges,  and 
e  are  occupied  by  part  of  the  residence  portion  of  the  city, 
public  supply  was  formerly  obtained  from  a  group  of  three  or  four 
ing  wells  at  the  level  of  the  mill  pond,  near  the  north  end  of  the 
icipal  street,  but  because  of  a  partial  failure  of  these,  due  to  the 
ustation  of  the  sand  screens  by  calcareous  matter  deposited  from 
water  or  to  sand  clogging,  or  both,  they  have  been  abandoned,  and 
wat^r  now  used  in  the  town  is  pumped  from  the  mill  pond.  This 
sed  for  sprinkling,  fire  protection,  etc.,  and  not  for  drinking, 
[ost  of  the  flowing  wells,  which  were  said  to  derive  their  water 
Q  50  to  75  feet  below  the  surface,  ceased  to  flow  when  the  water- 
ks  wells  were  put  down.  Many  were  abandoned;  a  few  were 
pened  and  the  flow  resumed;  and  some  were  furnished  with 
lips.  Dug  wells  range  from  15  to  40  feet  in  the  clay  on  the  ridges, 
tubular  wells  have  been  drilled  to  various  depths,  some  even 
^hing  the  rock  at  325  to  350  feet. 

t.  Louis  has  long  been  famous  for  its  '^Magnetic  Mineral  Spring,^' 
eh  for  thirty-five  years  has  been  pouring  out  its  waters.  This  is  a 
ring  well  270  feet  deep,  situated  on  the  bank  of  Pine  River  near  the 
^1  of  the  water  and  has  a  head  about  16  feet  above  the  river.  It 
rs  a  large  amount  of  water,  but  from  the  way  in  which  it  was  piped 
:^stiniate  could  be  made  of  the  amount  of  flow.  The  water  is  used 
baths  and  various  other  purposes  at  the  sanitarium  near  by  and 
u  15,000  to  18,000  gallons  are  sold  and  shipped  to  Saginaw  each 
'k  and  a  considerable  quantity  to  Chicago.  This  well  also  supplies 
Tge  number  of  the  peoj^le  of  the  town  with  drinkmg  water  for  table 
,  for  which  purpose  it  is  supplied  free  of  charge.  It  is  sold  at  $5 
a  barrel  of  30  gallons,  witli  a  rebate  of  $2.50  when  the  barrel  is 
irned  to  the  shipping  point.  It  is  also  shipped  in  cases  of  50 
irts,  carbonated,  at  $5  a  case. 

L  few  other  private  wells  in  tlu»  town  flow  at  the  present  time,  and 
,  at  least,  of  the  old  waterworks  wells  is  still  open,  the  water  run- 
^  to  waste. 
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The  following  reconl  of  one  of  the  wella  at  St.  Ix>uis  was  gathei 
by  Alexander  Winchell: 

RfAxtrd    of  drift  weU  at  St,  Louis. 


Thickness.!  Tot 


Feet.         Fti 

Cla V.  gravel,  and  l)<)wl(U»rs >  40 

Bluoelay '  30 

' '  Fin'  clay  " '  13 

Sand  and  gravel '  39 

Bhiinh  indurated  shaly  clay '  15 

Sand  an<l  gravel '  55 

Pebbles,  waU^r '  8  , 

Rock  (not  iM>sitivelyK  \ 


There  is  a  chemical  manufacturing  plant  in  the  city  which  depei 
on  deep  drilled  wells  for  the  brine  from  which  it  obtains  its  produ 
No  data  could  be  obtauied  regarding  these  wells,  as  the  plant  wasi 
in  operation. 

Welh  at  St.  Louis. 


H 

mln- 

2 

J3 

1 

1 

1 

lowper 
uto. 

1 

Quality. 

1 2  • 
5- : 

b«>< 

a 

H 

a 

^        1 

^ 

fi 

Feet. 

Fret. 

Feet. 

Oals.   ' 

«F. 

Feet. 

270 

725 

+  Hi 

10?     ; 

52 

Hard;  iron 

350± 

Un 

150 

730 

+   1 

.12  ; 

52 

Hard 

350 

l^ 

-iT) 

730 

+   1 

.12  ; 

51 

do.... 

350 

U 

72,'> 

+  2 

3 

52 

do.... 

350 

D 

40  4. 

733 

1     : 
i 

do.... 

325 

1) 

;  In- 

Doctor  Andn'ws'i is<i«»  4 

M.  Ilotlsteltvr 2 

J.  A.  Burgess 2 

City  waterworks  '■ r» 

East  of  Harrington  Hotel' 2 

"Waters,  "magnetic:"  used  externally  and  internally  as  n>mpdy  for  diseases.    Sanitarium  in  co 
tion.     Water  ship|x>d  to  sell  in  cities. 
i>  Only  wat^'rworks  w«'ll  now  flowing.    Flow  is  through  a  hole  In  the  cap  of  the  casing. 
c  Flows  into  tank  2  Us^i  Ih'Iow  surface. 

BUECKENKIDOE. 

This  village  is  situated  on  a  slight  gravel  ridge  6  miles  east  of 
Louis.  The  de])th  of  the  wells  is  very  variable,  according  to  t 
nearness  to  the  gravel  tract.  On  this  tract  dug  wells  are  from  8  t 
feet  deep  and  driven  wells  16  to  20  feet.  Away  from  the  gravel 
the  driven  wells  are  nuich  deeper  (some  between  100  and  200 
deep),  while  one  hole  in  the  village  was  visited  which  was  208 
deep  and  had  no  water.  At  this  well  there  was  15  feet  of  ra 
porous  surface  material  with  a  small  supply  of  water,  and  then 
feet  of  compact  clay,  below  which  the  nuiterial  was  variable, 
chiefly  clay  with  stony  streaks  in  it. 

There  are  no  flowing  wells  here,  but  A.  W.  Stone^s  well,  115 
deep,  was  reported  to  have  water  to  within  a  foot  of  the  sur 
The  water  of  this  well  has  a  strong  taste  resembling  petroleu 
''much  stronger  after  pumping,  so  the  horses  wHl  not  drink 
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the  wells  about  100  feet  deep  strike  a  large  supply.  The 
11  of  the  wells  but  the  one  just  referred  to  stands  from  8  to  10 
'  the  surface.  Rock  was  not  struck  in  the  208-foot  well. 
3  no  system  of  public  supply  and  no  good  prospect  for  suffi- 
)ly  except  from  deep  wells,  imless  a  supply  should  be  found 
sand  and  gravel  ridges  lying  north  of  the  town  a  short  dis- 
hese  serving  as  a  catchment  area  should  have  considerable 
i)w  them  if  the  condition  of  the  soil  is  favorable  for  hold- 


R.  2  W. 


FlO  45. — Bethany  Township  flowinj--  vrll  areas,  Gratiot  County, 


WEST    OF    PINE    RIVER. 

the  development  at  St.  Ijouis,  Bethany  Township  has  two 
us  of  flowing  wells  separated  by  Pine  lliver,  one  lying  to  the 
the  other  to  the  east  of  the  stream. 

t  of  these  areas  lies  in  the  immediate  vicinity  and  wholly  on 
jide  of  Pine  River  (fig.  4o),  extending  down  the  river  to  the 
le  from  a  point  \\  miles  northeast  of  St.  Louis.  Its  extent 
jent  develo])e(l  is  ap])r()ximately  21  square  miles,  in  which 
15  or  more  flowing  wells.  It  is  possibly  continued  into  the 
C5t  of  southeastern  Isabella  and  southwestern  Midland  coun- 
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The  wells  of  this  area,  Hke  some  of  the  others  studied,  show  consid- 
erable variation  in  depth,  head,  and  size  of  flow,  the  deeper  wells  hay- 
ing the  best  supply  of  water,  which  is  not  always  the  case  in  thk 
re^on,  notably  at  Alma,  where  deep  flows  are  small.  The  flows  we»- 
reported  to  come  from  a  number  of  depths — 30  feet  for  the  shallowest^ 
and  about  100  for  the  deepest.  As  the  surface  is  nearly  flat,  these 
probably  represent  variations  in  altitude  of  strata. 

The  most  remarkable  well  is  that  of  W.  S.  Fox,  in  sec.  4,  about  3 
miles  northeast  of  St.  Louis.  This  is  located  on  the  river  terrace,  is86 1 
feet  deep,  and  is  said  to  be  16  feet  into  the  rock.  It  had  a  head  of 
nearly  20  feet  and  was  flowing  the  full  size  of  the  casing,  at  4  feel 
above  the  ground,  with  such  force  that  it  was  scarcely  p>ossible  to  fill 
a  small  vessel  from  it.  The  owner  reported  that  the  flow  amounted  to 
very  nearly  3  barrels  a  minute,  or  more  than  100,000  gallons  a  day, 
the  greater  part  of  which  runs  to  the  river  as  waste. 

The  water-bearing  stratum  was  said  to  be  3  J  feet  thick,  apparently, 
as  it  was  described,  an  underground  stream  or  basin  below  the  rocL 
Small  flows  were  struck  at  45  and  56  feet.  Itis  possible  that  the  rock 
reported  at  this  point  is  not  a  part  of  the  underlying  Carboniferous 
deposits,  but  a  thick,  hard  bed  of  glacial  material  indurated  by  cal- 
cium carbonate,  which  acts  as  a  cap  stratum  to  confine  the  water. 
At  St.  Louis  rock  is  reported  at  from  332  to  nearly  400  feet  below  the 
surface. 

The  catchment  area  for  the  majority  of  these  wells  is  the  higher 
country  to  the  west  and  north.  If  the  Fox  well  is  really  in  bed  rock, 
the  water  may  still  come  from  the  drift,  working  into  the  rock  from 
the  sides  of  exposed  strata  where  these  have  been  eroded. 

As  the  land  rises  quite  rapidly  to  the  west  from  the  river,  there  is 
no  probability  of  extension  of  the  flowing-well  area  in  that  direction, 
and  as  it  was  re])orte(l  that  no  flows  had  been  struck  on  the  east  side 
of  the  river,  although  there  were  some  deep  wells,  it  seems  possible 
that  no  extension  can  occur  there,  because  of  the  slightly  higher  level 
of  th(»  land.  To  the  north  along  the  river  and  at  low  levels  generally 
the  chances  of  getting  flows  in  this  area  seem  excellent  if  the  wells  are 
made  deep  enough. 

EAST   OF   PINE    RIVER. 

The  other  area  (fig.  45)  is  3  miles  north  and  2  miles  west  of  Brecken- 
ridge,  or  2^  miles  east  of  the  first.  It  is  in  the  northern  half  of  sec.  H 
and  the  southern  half  of  sec.  2  in  the  scarcely  perceptible  valley  of  ft 
small  stream  flowing  northeast  to  Pine  River. 

The  entire  area  as  developed  is  less  than  a  square  mile  in  extent  and 
contains  but  five  wells,  which  are  from  65  to  75  feet  in  depth,  with 
slight  head  and  small  flows  of  hard  water,  the  largest  flow  being  but  2 
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Qons  a  minute.  The  Helton  well  (No.  4)  is  reported  by  the  owner 
receive  most  of  its  water  from  a  fine  sand  at  a  depth  of  35  feet. 
The  catchment  area  is  probably  the  higher  land  to  the  west  of  the 
ner,  and  the  stratum  from  which  the  water  comes  may  be  an  east- 
urd  extension  of  one  of  the  upper  strata  of  the  western  area.  There 
Mio  evidence  to  demonstrate  this,  however,  because  of  the  lack  of 
nsecutive  borings  between. 

The  flows  from  the  strata  already  reached  seem  to  be  Umited  to  the 
allow  depression  made  by  the  stream ;  hence  development  of  flows 
er  a  much  larger  area  ib  not  probable,  except  near  the  bottom  of  the 
aek  valley  to  the  northeast  of  the  present  area. 
The  wells  on  the  east  side  of  the  creek  which  reach  down  to  the  depth 
this  stratum  do  not  flow,  but  the  water  rises  to  within  a  few  feet  of 
e  smf  ace,  the  land  being  sUghtly  higher  than  that  on  the  west  side. 

SUMMARY,  s 

The  facts  relating  to  the  wells  of  this  area  appear  in  the  table  below: 
Wells  in  Bethany  Taumship  (T.  12  N.,  R,  2  Tf .). 
WEST  OF  PINE  RIVER. 


Owner. 


n      H        .        % 

e      ^       &        * 

:?      G      Q        w 


W.  11.  Wallanda i  1895  I  2  1 

NoahWUsonft 1897  2  1 

XoHh  Wilson 1894  '  2  , 

Mrs.  E.  Shook  <■ I  uj 

Mrs.  E.  Shook I  IJ 

do li 

v.  D.  Smith I  2  I 

VV.  II.  Foxd 1904  3 

F.Qiildart I  2  ' 

C.  U.  Colbey '  2  1 

F.  Peach 


I  In.  I  Feet. ,  Feet.    Feet. 


30 

-100  ; 

100? 

^80     ' 
50 
50    , 

8li 

80     I 

85?    ; 

1(V)     I 
l(K) 


740    +2 

740  1  +  2.  i 

735  1-1-3 


Lydia  Crawford  < I 40 


743 
735 
733 
740 
730 
740 
735 
738 
74.5 


+  2 
+  2 
+  2.5 

+  2 
+  18 

+2 
+  3 

+2 

+ 


QaU. 


Quality. 


I  Hard;  iroi: 

15  49.5    do... 

.25 do... 

.75  I  50.5  ! do... 

.do 


.25  I 
•5    ; 


100 
8 
10 
5 


50 
51..'] 
50 
50 


I 


...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 


Water 
bed. 


Gravel. 
Rock? 

(?) 
Gravel. 

Do. 

Do. 

Do. 
Rock? 


Gravel? 
(travel. 


EAST  OF  PINK  RIVER. 


1  II 

2  II 

3  2 

4  2 

5  2 


D.  D.  Gidlev/ ,  VM) 

S.  M.  Barnes 1902 

\.  Gidlev '  1900 

Harvey  Holton^ 1902 

Jas.  Ileame  * 1904 


•  Flows  a  few  drops  a  minute;  fonnerl  v 
^Said  to  Ije  in  rock,  but  doubtful. 


75       740+1      I 
(K)       738    +2 
(W       73:{    +1 
•k5  I     730    +1.5 
(io       7;i')    + .  75 
I 


flowed  much  nion». 


52         Hard;  iron    Gravel? 


50 
51 
51 
49.  vS 


.do Gravel. 

.do....  Do. 

.do Sand. 


'jHped  to  house;  No.  5  is  in  pastun\  and  No.  r>  at  burn  for  stock. 

"Said  to  lx»  from  rock  at  70  fn«t.  hard  rock  at  7H  fei-t.  Flow  said  to  Ix'  about  3  bnrn^ls  a  minute,  but 
"OPre  too  great  to  be  measured  with  an ythin>5  at  hand.     Water  also  at  45  and  5*5  feet. 

'Flows  into  cistern  and  is  dipp<^d  out. 

'Cut  off  l)elow  surface  and  flcnvs  inside  of  gully.    Will  flow  above  surface  at  mouth. 

'Cas<'d  27feet;  water  from  3.')  fe<'t :  tiscd  to  flow  more  but  filled  in  with  sand.  Hard  smooth  clay  with 
'"J'totips  all  the  way  down.     Witter  from  fine  sand  under  crust  (»f  hardpan. 

•l>rtll  dropped  3  feet  when  water  was  st  ruck.    Cost  about  $45. 
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SLBS  T0WH8HIP. 
BANNISTER. 


Bannister  is  situated  in  a  very  ilat  region  on  the  bank  of  Maple 
in  the  southeast  comer  of  Gratiot  County.  The  soil  is  a  heavy 
pact  day  loam,  lience  it  is  not  very  porous  and  lets  in  very 
water,  now  that  the  drainage  has  been  so  highly  developed,  and  i 
fore  the  shallow  ground-water  supply  is  poor  and  small. 

There  are,  as  in  many  villages,  shallow  dug  and  bored  welk  fn 
to  25  feet  deep.  In  the  western  part  of  the  tQwn  it  was  reportec 
a  bed  of  gravel  16  to  18  feet  below  the  surface  furnishes  a  smal 
ply  of  water,  usually  enough  for  family  purposes,  but  the  sh 

dug,  open  wells,  are  not  ir 
repute,  and  tubular  fl 
wells  scattered  over  the 
now  furnish  the  greater  p 
the  potable  water  used. 

The  drift  clays  and  g 
are  reported  to  be  aboi 
feef  thick  in  the  village 
the  predominance  of  i 
compact  stony  clays  mak 
difficulty  of  getting  fl 
water  from  the  drift  ver 
siderable,  but  there  an 
wells  which  are  certainly 
the  rock,  and  others  are 
ably  of  this  type.  The 
acteristics  of  these  wel 
shown  in  the  accompa 
table.  The  water  from  tl 
rather  hard  and  contains 
but  is  as  good  as  the  waters  from  tli(»  drift  usually  are.  The  flo' 
rather  small,  with  slight  head.  Wells  here  of  this  class  are 
more  apt  to  fail  than  those  from  the  rock,  and  the  present  ten 
in  the  village  seems  to  be  to  drill  to  the  latter  for  water. 

These  wells  are  numerous  in  the  village  and  surrounding  coi 
and  are  of  varying  depths,  those  of  the  village  generally  being  ref 
to  be  more  than  200  feet  deep.  They  enter  rock  at  about  15( 
The  deepest  reported  was  390  feet,  |)robably  a  mistake,  and  the 
lowest  about  200  feet.  The  flows  from  the  rock  are  generally  1 
and  with  more  head  than  those  from  the  drift. 

In  case  the  town  desired  a  puhlie  water  supply,  it  could  be  pu 
directly  from  Maple  River  for  fire  protection  and  other  general 
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d  its  potable  water  be  secured  from  private  flowing  wells  from  the 

ck. 

The  cost  of  putting  down  wells  in  this  locality  is  75  cents  a  foot  for 

iUing  and  casing,  if  a  pump  is  required,  but  the  drillers  often  hire  out 

th  their  machine  by  the  day,  and  the  owners  of  the  prospective  wells 

iy  assist  by  their  work  or  furnish  casing  themselves,  thus  reducing 

e  cost  of  the  wells  materially. 

Wells  in  Bannister. 


1 

Owner. 

1 

B 

Diameter. 
Depth. 

1 

Flow  p«'r  min- 
ute. 

Temperature. 

Quality. 

Water 
bed. 

1 
A.  Evans ' 

In.     Feet. ;  Feet.    Fcft. 

2\      50  1     688    +1 
2     160?  1     (588     -l-.S 
2         36       688    4-1 

aal9.    OF. 
0. 12 

TlArri 

Gravel. 

1  R.  Russolla ; 

1.25     50.5  ;  Iron.... 

.6     !....do... 
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pumpi>d. 

ASHLEY   AREA. 

Ashley. — Ashley  is  situated  in  the  southeastern  part  of  Gratiot 
mnty,  in  the  flat  bottom  land  which  marks  the  l)ed  of  the  Glacial 
ike  Saginaw,  which  at  one  time  covered  the  region.  The  site  of  the 
llage  is  a  faint  terrace,  which  extends  northeastward  some  distance 
id  which  is  elevated  a  few  feet  above  th(>  level  of  the  land  to  the 
uth  and  southeast. 

The  soil  here  is  a  compact  chiy,  whi(di,  previous  to  the  clearing  and 
tching,  was  covered  with  a  heavy  growtli  of  swamp  timber,  and  had 
J  upper  layers  saturated  with  the  product  of  decay  of  the  abundant 
'gotation.  As  a  result  of  this  type  and  condition  of  soil  the  waters 
'ar  tlie  surface  are  impregnated  with  organic  matter.  The  amount 
water  was  small,  and  as  clearing  progressed  became  smaller,  so  that 
lallow  <lug  wells  were  early  found  to  be  inadequate,  going  dry  quickly 
1(1  furnishing  poor  and  unwholesome*  water. 

Tubular  wells  were  therefore  resorted  to,  and  deeper  supplies  of  i)el- 
r water  were  obtained,  so  that  at  present  tiie  majority  of  tiio  people 
't  water  for  drinking  and  (ioni(\stie  j)urj)()ses  from  deep-drilled  wells, 
hich  reach  down  nearly  to  i)ed  i-ock,  or.  in  souk*  instancies,  |)enetrate 
for  considerable  distances. 

Wells  in  the  rock  rn^queiitly  How  with  a  good  suj)ply  of  water,  and 
ull  the  rest  the  watcM*  ris(\s  nearly  to  the  surlaee.  The  rock  surface 
as  reported  to  be  from  100  to  120  |(M»t  i\or\)  in  the  village.  The  pub- 
c  Well,  near  the  railroad  station,  is  a  good  example  of  this  class  o? 
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wells.  It  is  270  feet  deep,  about  170  feet  in  the  rock,  and  the  water 
flows  2  feet  above  the  surface  at  the  rate  of  2  J  gallons  a  minute.  The 
water  is  of  excellent  quality,  rather  soft,  and  has  a  small  amount  of 
iron  and  other  mineral  matter  in  it.  The  overflow  runs  into  a  reset' 
voir  from  which  it  may  be  pumped  in  case  of  need  for  use  in  protection 
against  fires. 

Within  1.50  feet  from  this  well  is  a  pump  well,  which  was  reported  by 
the  driller  to  be  about  100  feet  shallower  but  still  de«p  in  the  rock,  in 
which  the  water  stands  a  few  feet  below  the  surface.  When  this  well 
was  vigorously  pumped  a  very  few  strokes,  the  village  well  would 
cease  flowing.  This  fact  soon  became  a  source  of  great  annoyance  to 
those  using  the  flowing  well  on  account  of  the  temptation  it  afforded 
to  play  practical  jokes,  and  after  a  time  the  authorities  of  the  town 
purchased  the  pump  well  and  dismantled  it.  This  is  an  interesting 
case  of  transmission  of  change  of  pressure  through  considerable  dis- 
tances of  rock  very  quickly.  The  raising  of  the  water  by  the  pump 
evidently  reduced  the  hydrostatic  pressure  and  buried  the  head  suf- 
ficiently to  stop  the  flow  in  the  other  well.  This  lowering  of  head  _ 
manifestly  need  not  be  more  than  an  inch  or  two,  provided  the  outlet 
of  the  flowing  well  was  about  at  the  level  to  which  the  water  would 
rise  under  the  existing  pressure. 

One-half  mile  northetist  of  the  village  is  a  flowing  well  owned  hvMr. 
Charles  Kerr,  which  is  reported  to  be  about  600  feet  deep.  The 
water  is  strongly  impregnated  with  mineral  matter,  the  most  notice- 
able constituents  being  hydrogen  sidfid  and  salt.  This  water  hasten 
put  u|)on  the  market,  and  is  sold  at  the  well  at  1  cent  a  gallon.  It  is 
also  used  for  mineral  baths. 

Asi(h»  from  the  few  shallow  dug  wells,  there  are  also  in  the  village  a 
few  bored,  driven,  or  drilled  wells  from  50  to  65  feet  into  the  drift, 
the  water  having  sufliciont  head  to  rise  to  within  about  5  feet  of  the 
surface.  Such  wells  are  sometimes  provided  with  a  cist<^rn  of  drain 
tile,  from  which  the  water  is  pum])ed. 

The  two  ])artial  analyses  given  below  are  from  a  deep  sulphur  well 
whose  wat(M'  is  being  bottled  for  medicinal  purposes,  and  from  a  deep 
gravel  well  at  Ashley,  respectively.  The  analyses  were  furnished  by 
M.  ().  Leighton.  of  the  United  States  (leological  Survey. 

Part  id!  nii(ili/s(.<  of  mil  iniftrs  at  Ashley. 
f  Parts  prr  iiiillidn.] 


I 


1. 


Color 15 

Iron  .  Kim 2.2.S 

Chlormo  (CI) ..,....*        .3W        ' 

('at»)on  (lioNi.lr  f('Uj) 70.15 

Sulphur  tri(v\idr'  (SO.) +.i2'2 

Ilanliu'ss  (as  CaCOj) +139 

S,  J.  I^wis,  analyst.     1.  Charlos  Kerr.  *\(»\)\\\  va^Uvh^v .     i.  \\\\v\v,v*\  vV^iVVxTiCMwit. 


GRATIOT   COUNTY. 


227 


y  of  Ashley, — The  country  about  Ashley,  especially  to  the 
itheast,  and  southwest,  has  nearly  the  same  soil  character- 
he  village,  being,  if  anything,  more  swampy.     Hence  it  has 

more  neeessary  to  get  supplies  of  water  from  the  deeper 
at  a  in  the  clay,  or,  failing  in  this,  to  go  down  to  the  sand- 
il  shales  of  the  coal  measures  lying  still  deeper.  This  neces- 
^d  to  a  large  development  of  the  deeper  water-bearing  strata, 

those  in  the  bed  rock,  from  which,  in  many  cases,  flows 
I  obtained  in  the  east  half  of  Washington  and  the  south  part 
ownship.     (Fig.  47.) 
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Fig.  47.— Ashley  and  Bannistor  flowing-well  areas  outside  of  village  wells. 

region  has  been  carefully  j)r()spected  for  coal,  many  of  the 
holes  have  been  utilized  for  water.  The  usual  arrangement 
hat  the  owner  of  the  land  shall  have  the  hole  for  a  w^ell  if 
struck,  by  paying  for  the  pipe  used  in  casing  down  to  the 
>nie  of  the  prospect  holes,  usually  4  inches  in  diameter,  have 
Tge  supplies  of  water  with  strong  heads,  but  the  owTiers  have 
luced  the  flow  to  tluur  needs  rather  than  try  to  care  for  the 
ste  in  iho  flat  and  not  easily  drained  regiou. 
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East  and  south  of  Ashley,  on  the  broad  flat  below  the  terrace  a 
which  the  town  stands,  is  an  area,  of  shallow  wells  deriving  supplia 
from  the  strata  of  sand  and  gravel  in  the  clays.  The  shallowejl 
flowing  well  reported  was  14  feet  deep,  but  otherwise  the  range  wn 
from  25  to  72  feet.  The  flows  usually  are  quite  small,  and  showi 
tendency  to  decrease.  The  head  is  1  to  4  feet  and  the  water  Ls  hard, 
with  some  iron  in  it. 

The  area  as  now  developed  is  approximately  7  J  square  miles,  li 
north  of  the  river,  and  in  general  it  does  not  seem  possible  that  ttii 
can  be  increased  much,  except  in  the  number  of  wells,  for  in  the  east- 
ern part  of  the  to>\Tislup  the  rock  surface  rises  until  in  places  it  Ls  cov- 
ered by  less  than  25  feet  of  drift.  In  this  region  also  the  mateiiil 
overiying  the  rock  changes  from  clay  to  gravel,  and  as  this  is  not  oaf- 
ered  by  a  compact  stratum,  the  water  is  dissipated  and  does  notik 
in  the  wells.  To  the  north  of  the  area  the  ground  rises  above  tb 
level  of  the  head,  so  there  can  be  no  flows  in  that  direction. 

Much  more  extensive  is  the  area  over  which  flowing  wells  may  be 
obtained  from  the  rock.  These  occur  both  east  and  north  of  the  am 
in  which  the  drift  flows  are  struck,  and  also  throughout  the  eastern; 
half  of  Washington^ Township.  The  water  from  the  rock  wells  usu- 
ally contains  less  iron  and  is  less  hard  than  that  from  the  drift,  and  the 
supply  is  not  so  likely  to  fail,  both  because  of  the  greater  extelit  of  tie 
wat(»r-bearing'  strata,  and  because  of  the  less  danger  from  clogging 
from  the  action  of  the  water  on  the  pipes,  the  working  in  of  sand, or 
the  clogging  of  screens.  Ultimately  the  greater  part  of  the  watff 
used  in  this  region  will  be  obtained  from  wells  drilled  in  the  rock. 

The  sources  of  supply  of  this  area  may  be,  and  probably  are,  in  the 
gently  slo])ing  districts  of  considerably  higher  level  lying  north  of  the 
flowing-woll  area,  where  a  large  part  of  the  rainfall  is  absorbed  by  the 
ground  because  of  its  loamy  and  sandy  character,  and  finds  its  way 
very  grachially  to  the  lower  levels,  from  which  it  is  forced  by  the  pre^ 
sure  behind  it  when  a  well  tube  fmds  its  way  into  a  more  porous 
stratum  than  usual. 

SnrriffKin/.-  }{,  as  assumed,  the  area  to  the  north  is  an  important 
source  of  supi>ly,  the  present  policy  of  developing  an  elaborate  sys- 
tem of  (Htclies  acn)ss  the  contours  in  this  region  must  operate*  toreduc* 
(Miorniously  tlie  supply  of  ground  water,  and  one  can  not  but  vie^ 
with  concern  the  pr(\sont  activity  in  seeking  means  to  cany  oflf  wat<i 
wliich  should  have  a  chance  to  soak  into  the  ground.  Cultivation, 
as  conunonly  carried  on,  tends  still  further  to  decrease  the  supply O' 
ground  wat(T,  by  hastening  evaporation,  and  of  decreasing  the  absorb- 
ing power  ])y  rendering  the  surface  of  tlie  soil  hard  and  nonabsorbept 
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ly  little  iron  present;  leaves  granular  scale* 

kettle. 

>11  at  brickyard;  casing  leaks  badly. 

ill  flow  1  foot  above  surface,  but  is  pumped. 


d  Will  flow  a  small  stream,  but  is  pumped;  bored. 
«  Will  flow  a  small  stream,  but  is  pumped. 
/Supply  is  decreased  by  clogged  screen. 
9  Thought  to  bo  filling  with  sand  at  bottom. 
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ITHACA. 


haca,  the  county  seat  of  Gratiot  County,  is  situated  in  the  exact 
er  of  the  county,  with  no  stream  or  pond  in  its  vicinity.  It  is 
t  upon  a  low  morainal  ridge,  which  slopes  off  to  the  east  into  a 
id  plain  and  to  the  west  into  an  extensive  swamp.  The  moraine 
!  is  of  compact  till  or  clayey  gravel,  and  does  not  yield  much 
3r.  On  its  slopes  it  becomes  more  sandy,  and  shallow  wells  here 
rather  limited  supplies. 

he  problem  of  a  public  water  supply  was  settled  two  years  ago  by 
ing  down  a  series  of  three  6-inch  tubular  wells  600  feet  deep, 
ugh  300  feet  of  drift,  into  the  sandstone  below,  from  yhich  a  sup- 
of  hard  but  otherwise  good  water,  which  rises  to  within  50  feet  of 
surface  and  is  sufficient  for  present  needs,  was  obtauied.  The 
3r  is  used  for  all  purposes,  domestic,  fire  protection,  sprinkling, 
boilers,  and  the  supply  is  constant.  The  plant  is  a  public  one  in 
'ge  of  a  water  board. 

he  private  w^ells  are  shallow,  dug,  open  basins,  or  in  a  considera- 
number  of  cases  tubuhir  drilled  wells,  ranging  from  50  to  00  feet 
).  The  water  is  hard  and  ])()ssesses  the  usual  characteristics  of 
er  from  the  drift  in  this  section. 


BEEBE. 


ti  the  vicinity  of  Beebe,  to  the  northwest  of  Ithaca,  water  is 
ained  either  from  open  'dug  wells  25  to  30  feet  deep  or  driven 
Is  30  to  40  feet  or  more.     The  water  rises  within  10  feet  of  the 
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surface  in  some  of  these,  and  is  hard,  with  considerable  iron.  It 
comes  from  gravel  below  pather  stiff  clay.  There  is  a  public  weD 
here,  but  nothing  is  known  about  it. 

EDGEW(X>D. 

This  hamlet,  in  the  eastern  part  of  the  county,  has  dug  wells  10  to 
30  feet  deep.  The  water  is  from  sand  or  gravel,  is  hard,  and  rises 
within  6  to  10  feet  of  the  surface. 

ELM    HALL. 

This  village  lies  in  the  shallow  valley  occupied  by  Pine  River, 
which  has  here  a  gravel  bottom.  The  wells  are  shallow,  dug  to  the 
bottom  of  the  gravel  to  abundant  water  at  12  to  20  feet  below  the 
surface.  The  deepest  wells  lying  outside  the  valley  are  from  50 
to  60  feet  in  depth.  The  water  is  ^lard  and  from  gravel.  Wat«rfor 
fire  protection  could  easily  be  obtained  from  Pine  River. 

MIDDLETON. 

Middleton,  in  the  southern  part  of  the  county,  has  dug  wells  from 
12  to  30  feet  deep  and  driven  wells  50  to  65  feet  deep.  A  large 
supply  of  water,  found  at  from  60  to  65  feet,  is  hard  and  rises  within 
10  to  15  feet  of  the  surface.  The  wells  in  this  vicinity  are  frequently 
bored  with  large  augers,  driven  by  horse  power,  and  walled  up  with 
drain  tile  carefully  cemented. 

NEWARK    AND    NEW   HAVEN. 

These  two  hamlets,  southwest  of  Ithaca,  are  well  supplied  with 
easily  accessible  water,  usually  reached  by  digging  or  boring  froU^ 
20  to  40  feet  and  stoning  or  tiling  up  the  sides  of  the  well. 

NORTH    STAR. 

This  village,  which  is  southeast  of  the  county  seat,  has  open  or 
dug  wells  12  to  10  feet  deep  and  one  drilled  well,  214  Jeet  deep,  whicli 
obtains  a  largo  sup])ly  of  water  in  sand  and  gravel  at  about  200  feet 
No  rock  was  struck  at  this  depth. 

OLA. 

This  village,  in  the  southern  ])art  of  the  county,  has  open  well 
12  to  30  feet  deep  and  (h-ivcn  wells  down  to  60  feet.  The  wate 
rises  within  about  10  feet  of  the  surface. 
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PERRINTON. 

This  village  is  on  the  banks  of  Pine  Creek,  a  tributary  of  Maple 
ver,  in  the  southern  part  of  the  county.  The  wells  are  from  12  to 
feet  (lei»p,  either  dug  or  bored  and  tiled.  The  water,  which  is 
ird,  is  abundant,  but  does  not  rise  much  m  the  wells  except  in 
et  seasons. 

POMPEII. 

This  village,  in  the  southern  part  of  the  county,  has  dug  and 
ored  or  driven  wells  from  20  to  40  feet  deep.  There  is  no  diffi- 
ulty  in  getting  a  plentiful  supply  of  good,  though  rather  hard, 
rater.  There  are  no  flowing  wells  in  the  vicinity.  In  North  Shade 
Wnship,  west  of  Pompeii,  the  wells  are  generally  dug  20  to  45  feet. 
Vater  is  plenty  and  easy  to  get.  Around  Brice  post-oflSce,  in  this 
ownship,  wells  are  usually  16  to  30  feet  deep,  but  a  few  are  45  feet. 
Tie  water  rises  within  8  to  20  feet  of  the  surface  and  is  rather  hard. 

RATHBONE. 

Rathbone,  which  lies  in  the  eastern  part  of  the  county,  has  open 
yells  ranging  from  10  to  15  feet  in  depth,  with  water  within  4  feet 
rfthe  surface.  Driven  wells  are  reported  as  deep  as  160  feet,  with 
he  water  rising  within  20  feet  of  the  surface. 

WHEELER. 

This  town  is  located  on  a  plain  in  the  northeastern  part  of  the 
ounty,  which  is  here  covered  with  a  shallow  deposit  of  gravelly 
oam.  Most  of  the  wells  of  the  village  are  very  shallow,  from  6  to 
5  feet  deep,  dug  or  bored  through  the  gravel  to  the  underlying 
lay.  Those  on  the  clay  soils  are  dug  somewhat  deeper.  At  from 
'5  to  2S  feet  there  is  plenty  of  water,  though  rather  hard.  The 
eepest  well  w^as  reported  to  l)e  about  SO  feet  deep.  One-half  mile 
ast  of  the  village,  on  SW.  i  sec.  22,  Wheeler  Township,  there  are 
ells  28  feet  deep,  in  which  the  water  rises  within  9  feet  of  the  sur- 
ce,  coming  frbm  a  thick  l)ed  of  gravel.  In  the  vicinity  of  North 
'heeler  wells  are  often  60  feet  deej),  tliough  some  dug  wells  are 
dy  12  to  14  feet  deep. 

WATER  vSUPPLIICvS  OF  MIDLAND  COUNTY. 

OKNKHAL   STATE3Ii:NT.a 

The  examination  of  flowing  wells  in  the  western  ])art  of  Midland 
•unty  was  made  by  W.  M.  Gregory.  In  the  original  plan  Mr. 
egory  was  to  have  covered  tlie  entu-e  county,  but  the  time  at  his 
mmand  did   not   admit   his  doing  so.     Mr.   Davis  therefore  gave 

aBy  Frank  Loverett. 
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such  time  as  he  could  spare  to  this  study,  but  it  was  scarcely  suffi- 
cient to  insure  a  thorough  survey,  and  small  districts  in  the  north- 
ern i)art  of  the  county  were  not  visited. 

It  is  probable  that  flows  can  be  obtained  along  all  the  valleys 
in  the  county,  and  perhaps  over  wide  areas  between  the  valleys 
in  the  western  half  and  the  southeastern  fourth  of  the  county;  the 
northeastern  i)art  is  too  high  to  expect  flows.  Much  of  the  county 
is  covered  with  sand,  and  w^ells  are  obtainable  at  its  base  at  a  usuil 
depth  of  20  feet  or  less.  This  fact  and  the  sparseness  of  settlement 
accounts  for  the  present  limited  development  of  floA^nng  wells. 

As  in  Saginaw  County,  the  slopes  are  very  gentle,  and  the  catch- 
ment areas  likely  to  be  a  little  farther  up  the  slope  than  the  wells, 
rather  than  in  some  distant  morainic  ridge,  though  some  water  may 
be  contributed  from  these  remote  sources.  The  very  slight  head  is 
in  keeping  with  the  interpretation  that  the  bordering  parts  of  the 
sloping  plain  are  the  chief  cat<ihment  areas. 

SUPPLIES  BY  DISTKICTS. 

LABKIK  TOWNSHIP. 

About  4  miles  north  and  1  mile  west  of  Midland,  lying  along  the 
shallow  valley  of  a  small  tributary  of  Tittabawassee  River,  is  a  group 
of  ten  flowing  wells,  which  differ  from  those  of  the  other  areas  in  Mid- 
land County  in  yielding  water  which  is  noticeably  brackish. 

These  wells  are  from  45  to  nearly  80  feet  deep,  the  deeper  ones 
occurring  at  the  north  and  the  shallower  ones  at  the  south  end  o* 
the  area.  It  is  probable  that  the  water  comes  from  two  or  possibl; 
three  difrerent  strata.  The  flows  are  all  of  very  moderate  or  sma' 
size,  the  largest  being  only  about  2  gallons  a  minute.  The  head  i 
slight,  the  maxinuim  reported  being  only  5  feet. 

This  part  of  Midland  C'ounty  is  a  region  of  salt  springs,  somelarg 
ones  existing  in  the  vallov  of  Tittabawassee  River,  a  few  miles  we5 
of  this  flowing-well  area.  These  ])rol)ably  owe  their  origin  to  fissure 
in  the  bed-rock,  extending  down  to  the  salt-bearing  coal  meaf 
iires,  or  to  the  deeper  Marshall  sandstone.  The  salt  water  froi 
these  formations,  which  rises  in  salt  wells  nearly  to  or  above  the  suJ 
face,  in  ])assing  through  the  unconsolidated  clays  and  gravels  abov 
the  rock  surface,  would  spread  out  in  the  more  porous  strata,  aa 
give  a  brackish  taste  to  the  water  already  present.  It  might  alsob 
true,  in  some  cases,  that  the  brine  would  And  its  way  directly upwar 
from  the  fissure  into  a  bed  of  sand  or  gravel  and  spread  laterally  f^ 
a  long  distance  without  ])reaking  out  at  the  surface  at  all.  An  mt« 
esting  feature  of  these  wells  is  that  those  which  are  shallow  are  ratU 
more  brackish  than  the  deeper  ones,  a  fact  that  would  lead  to  t 
conclusion  that   the  water  comes  from  different  strata,  since  t 
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ne  would  naturally  sink  to  the  lowest  part  of  the  stratum 

t  occurs,  leaving  the  lighter  mixed  waters  above. 

ssible  that  the  deposits  above  the  bed  rock  may  have  been 

rived  from  salt-bearing  rocks,  and  that  this  material  now 

brackish  taste  to  the  water.     The  limited  area  over  which 

isli  water  occurs,  its  nearness  to  known  salt  springs,  and  the 

;tory  of  the  sands  and  clays  from  which  the  water  comes, 

favor  the  first  theory. 

lis  to  the  west  of  the  present  development  which  are  deep 

reach  the  water  of  these  strata  do  not  flow  above  the  sur- 
>ugh   the   water  rises  in  some   of 
ly  to  it,  and  if  especial  care  were 
ind  depressions  in  which  to  locate 
flows  might  be  secured  for  a  mile  to 

The  area  might  also  be  extended 
tream,  both  north  and  south,  if  the 
ch  yield  the  waiter  are  present.  As 
untry  in  these  directions  is  not  (le- 
nd nothing  is  known  of  the  extent 
er-bearing  strata. 

'stion  of  the  wholesomeness  of  salty 
h  waters  is  often  raised,  and  while 
r  is  not  absolutely  settled,  the  consensus  of  opinion  seems 

slightly  salt  waters  are  not  in  any  way  injurious  to  health, 
probably  should  be  accompanied  by  a  lessened  use  of  salt 
ing  food,  and  in  this  way  the  salt  ration  kept  from  running 
IS  excess  of  salt  un(loHl)tedly  has  an  irritatmg  effect  on  the 
organs. 

lowing  table  and  the  sketch  map   (fig.  48)  give  the  data 
()  these  wells  and  show   their  approximate  position  with 

the  stream.     The  address  of  well  owners  and  drillers  is 


Fig.  48.— Sketch  map  of  Larkin 
flowlng-woll  district,  Midland 
County. 
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WeUs  of  Larkin  Township  (T.  15  N,,  R.  £  E,). 
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MIDLAND  TOWNSHIP. 


MIDLAND. 

Tlie  town  of  Midland  is  situated  in  the  southeastern  part  of  Mid- 
land County,  on  the  banks  of  Tittabawassee  River,  at  its  junction 
witli  the  Chippewa,  wlrich  comes  in  from  the  west,  shortly  after  unit' 
in^  witli  Pine  River  from  tlie  southwest.  The  larger  part  of  the  town  ] 
is  on  the  north  bank  of  the  river  valley,  35  or  40  feet  above  the  low- 
water  level  of  the  stream. 

The  bank  rises  in  a  scries  of  rather  narrow  terraces,  the  highest 
b(nn^  a  sandy  ridj^e,  which  is  probably  part  of  a  shore  line  of  the 
Glacial  lak(^  which  covered  this  county.     The  south  bank  of  the  river 
is  much   lowcM',  and   a  broad  flat  terrace,  the  bottom  of  what  may 
have  been  formerly  a  wide  estuary  or  narrow  bay  connected  with  the 
lowest  lcv(»l  of  the*  Glacial  lake,  stretches  away  to  the  south  for  more 
than  a  mile  before  the  south  side  of  the  valley  is  reached.     Outside 
this  broad  shallow  valley  and  others  similar  in  origin,  the  greater  part 
of  Midland  County  is  very  flat,  the  soils  A'arying  from  heavy  clays  to 
light  wind-blown  sand.     The  principal  relief  forms,  as  elsewhere  o^ 
the  'Make  plain,"  are  sand  or  gravel  ridges  which  wind  across  th^ 
plain  irregularly,  forming  low  lines  of  elevations  above  the  genct*' 
surface.     The  plain  in  the  vicinity  of  Midland  is  especially  flat,  e^^ 
the  river  here  is  but  a  verj'  few  feet  above  the  level  of  Saginaw  B^^ 
There  is  a  gradual  rise  of  a  few  feet  to  the  mile  toward  the  west,  nor^'* 
west,  and  north.     The  Avhole  county  is  exceptionally  well  watered    * 
surface  streams. 


.i 
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rhe  town  of  Midland  has  a  public  water  supply,  the  pumping. sta- 
Q  of  which  is  situated  on  the  lower  river  terrace,  on  the  south  side 
the  river  near  the  point  of  union  between  the  two  streams.  For- 
rly  the  supply  was  obtained  from  driven  wells  which  flowed  above 
5  surface,  but  now  it  is  drawn  from  the  Chippewa  River  at  its  junc- 
n  with  the  Tittabawassee,  the  wells  having  failed  to  give  an  ade- 
ate  supply.  The  Chippewa  is  fed  by  springs  along  its  entire  course, 
i  flows  for  a  long  distance  through  a  practically  uninhabited  coun- 
',  as  does  its  tributary,  the  Pine,  but  the  growing  cities  of  Mount 
;asant,  on  the  Chippewa,  and  Alma,  and  St.  Louis,  on  the  Pine,  all 
•n  their  entire  sewage  into  these  streams,  which  ultimately  will  thus 
3ome  highly  polluted.  At  present  the  water  is  generally  used  for 
nking  and  all  domestic  purposes,  as  well  as  for  fire  protection,  etc. 
The  wells  of  the  higher  part  of  the  town  are  generally  dug  or  driven 
m  12  or  15  to  30  feet.  The  sandy  upper  stratum  of  the  soil  in  this 
rt  of  town  is  underlain,  at  a  relatively  short  distance  below  the  sur- 
e,  by  a  compact  clay  on  top  of  which  it  is  usually  easy  to  get  water, 
ch  shallow  wells  as  are  thus  obtained,  more  especially  the  dug  wells, 
the  more  thickly  peopled  parts  of  town  should  be  looked  on  with 
jpicion  on  account  of  the  ease  with  which  they  may  b^  contaminated 
m  cesspools  and  outhouses.  Driven  wells  from  25  to  200  feet  or 
>re  deep  are,  however,  frequent,  and  to  these  there  can  be  no  objec- 
n  as  sources  of  domestic  supply.  The  deeper  wells  give  the  best 
pply  of  water,  which,  however,  is  often  a  trifle  l)rackish  and  which 
es  in  the  casing  to  within  a  few  feet  of  the  surface. 
On  the  north  side  of  the  river  only  two  flowing  wells  were  found 
thin  the  town  limits,  and  these  were  both  in  the  river  valleysome 
itance  below  the  general  level  (fig.  49).  This  seems  to  indicate  that 
e  head  of  the  numerous  flows  on  the  south  side  of  the  river  is  not 
fficient  to  raise  the  water  to  the  height  of  the  north  bank.  On  the 
Jth  side  of  the  river,  within  the  limits  of  the  town,  are  many  wells 
lich  flow.  These  are  generally  from  100  to  over  200  feet  deep,  and 
?  strongest  have  a  head  of  16  to  18  feet.  The  largest  flows  are  from 
to  22  gallons  a  minute,  wliile  the  smallest  ran  but  a  thread  of  water, 
e  Burt  farm,  on  the  lower  terrace  of  the  river,  on  sec.  21,  lias  one 
the  most  powerful  wells,  flowing  more  than  20  gallons  a  minute 
th  a  strong  pressure.  It  wa.s  reported  that  in  putting  down  the 
II  small  flows  were  struck  at  four  levels  above  the  one  from  which 
J  present  supply  is  ol)tained. 

The  water  from  tlie  deeper  flowing  wells  is  nearly  free  from  hard- 
s,  as  is  that  of  some  of  the  shallower  ones,  and  in  many  cases  is 
:htly  brackish.  The  salt  probably  comes  from  the  neighboring 
^  wells,  from  some  of  whicli  the  brine  may  have  leaked  into  the 
ds  and  gravels  of  the  drift. 
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R.I  E. 


R.ZE. 


FlQ.  49.— Map  showing  distribution  of  flowing  wells  in  and  near  Midland. 
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following  partial  analysis  shows  the  composition  of  the  water  of 
Magnetic  Mineral  Spring''  or  well  at  Midland,  owned  by  W.  L. 
s.  The  high  iron  constituent  is  a  conspicuous  feature,  but 
e  due  to  the  rust  of  the  pipe.  Water  is  from  the  rock.  The 
rere  furnished  by  M.  O.  Leighton,  of  the  United  States  (Jeolog- 
inrey. 

Partial  analysis  ofwdl  water  at  Midland. 

Parts  per  million. 

214 

) 6 

(CI) 802 

lioxide(C02) 63.76 

trioxide  (SO3) +522 

y 293 

jewis,  analyst.    Depth,  375  feet. 

VICINITY   OF   MIDLAND. 

area  over  which  flows  are  found  beyond  the  limits  of  the  town 
Is  southward  to  the  township  line  and  into  the  southeast  comer 
mer  Township,  the  northeastern  part  of  Mount  Haley  Town- 
ind  the  northern  part  of  IngersoU  Township.  The  entire  area, 
i  developed,  is  about  14  square  miles. 

flowing  wells  to  the  south  of  the  river  valley  are  generally 
shallower,  have  less  head,  and  flow  with  much  less  energy 
r  more  than  1  gallon  a  minute)  and  it  is  probable  that  they  are 
d  from  entirely  different  strata.  In  these  wells  the  water  was 
line,  was  frequently  hard,  and  contained  iron. 
ly  of  the  wells  in  this  and  in  the  IngersoU  Township  area  were 
ably  affected  by  the  local  drought  which  prevailed  at  the  time 
writer's  visit,  and  were  commonly  reported  to  be  flowing  much 
lan  usual  or  to  have  ceased  altogether  since  the  drought  had 
.  North  of  Midland  is  a  small  extension  of  the  area  on  sees, 
and  15,  in  which  all  but  one  of  the  drift  wells,  which  was  in  a 
1  valley,  had  ceased  to  flow. 

3  probable  that  in  almost  any  part  of  the  southwestern  portion 
dland  Township,  in  the  lower  places,  flowing  wells  can  be 
led  by  going  deep  enough.  The  rock  surface  is,  however, 
lar,  and  may  rise  in  places  in  such  a  way  as  to  interfere  with 
•ntinuity  of  the  water-bearing  strata  above,  but  so  far  as  learned 
►ok  was  not  usually  struck  at  much  less  than  200  feet  from  the 
e  south  from  Midland.  On  the  top  of  the  higher  sand  ridges 
ve\  is  usuall}^  above  the  head  of  the  flows.  Wells  would  best  be 
I  in  depressions  if  flows  an*  desired.  (lood  water,  tliough  often 
f'hat  brackish,  may  be  obtained  from  th(*  rock,  and  there  is 
enough  to  bring  it  nearly  or  quite  to  the  surface. 
ic  springs  were  reported  along  the  river  southeast  of  Midland 
Lg  out  from  under  the  sand  at  its  jui\ct\oi\ml\v  X.Www^^'^- 


238      WELLS   AND    WATER   SUPPLIES   IN    SOUTHERN    MICHIGAN. 

ing  clay.  In  this  case  the  catchment  area  is  undoubtedly  the  sand 
ridge,  and  such  springs  should  be  rather  common  in  the  sandy  region 
north  and  west  of  Midland  wherever  a  stream  cuts  through  to  the 
clay. 

Mr.  J.  P.  Sugnet  kindly  furnished  the  following  record  of  his  deep 
well  on  sec.  10,  Midland  Township: 

Record  of  Sugnet  weU^  MiiUand  Tovm^ip, 


Surface  clay 

Hard  pun 

Clay 

Sand  and  gravel 

Red  clay 

Sand 

Clay 

Sand  r<H'k. 


ToUL 


fat 

» 
70 
100 
119 
1» 
141 
155 


It  was  reported  also  that  in  the  neighborhood  of  Midland  the  sur- 
face clays  and  sands  were  only  10  to  12  feet  deep,  followed  by  abed 
of  sand,  often  full  of  water,  below  which  wa&  a  hard  dark-colored 
clay  or  hardpan  with  small  bowlders  in  it,  which  was  very  hard  to 
work.  The  top  clay,  often  a  relatively  thin  surface  deposit,  was  as 
hard  as  the  lower  bed,  and  dark  colored. 

SUMMARY. 

The  following  table  gives  well  data  in  Midland  Township: 
WeUs  in  Midland  Tttwn^ip  {T.  U  N.,  R,  H  E.) 
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Wells  in  Midland  Township  (T.  I4  N.,  R.  2  ^.)— Continued. 
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IKGEB80LL  DISTBICT. 

There  is  a  distinct  area  of  ilowin^  wells  in  the  southern  half  d 
Infi^ersoll  Township,  extendinjr  into  Mount  Haley  and  Homer  town- 
ships and  separated  from  the  southern  part  of  the  Midland  area  by 
a  broad,  low-ridc]:ed  tract  of  sand  which  runs  nearly  west  across  the 
township  from  the  river  to  the  western  to\ni  line  and  then  souti- 
ward  and  eastward.  The  flowing  wells  in  the  north  part  of  the  town- 
ship belong  in  the  Midland  area  (fig.  49). 

.The  surface  of  this  district  is  very  flat,  aside  from  sand  ridges,  mmI 
the  soil,  except  on  the  ridges,  is  a  heavy  clay  loam,  which  from  its 
fineness  of  texture  is  relatively  impermeable  to  water. 

In  the  sandy  areas  water  is  easily  obtained  by  digging  or  boring 
from  10  to  20  feet  through  the  sand  to  the  underlying  clay.  Suck 
wells  usually  funiish  a  good  supply  of  w^ater,  the  sand  acting  as  the 
catchment  area  and  al>sorl)ing  about  all  the  wat^r  that  falls  on  it. 
In  this  type  of  wells,  liowever,  care  should  be  taken  to  locate  the 
w(»ll  at  a  consideral)le  distance  from  all  sources  of  contamination, such 
as  barnyards,  outhouses,  etc. 

In  the  early  settlement  of  the  to\\aiship  dug  wells  w^re  general  in 
the  day  lands  as  well  as  on  the  sand,  but  as  the  timber  disappeared 
and  the  land  was  cleared,  tlie  ground-water  level  became  lower  and 
till*  wi^Hs  were  deepened  either  by  digging  or,  more  commonly,  by 
boring  in  the  bottom  of  the  bashi  of  the  old  well. 

It  was  found  tliat  over  a  considerable  part  of  the  townsljip  the 
water  which  was  struck  bj'  boring  at  a  relatively  short  distance 
down  would  risi^  to  tlu»  surface  or  flow  over  it.     As  indicated  above, 
tliese  wells  an*  usually  relatively  shallow,  \\'ith  a  few  exceptions  in  the 
eastern  part  ot  the  towusliip,  wliere  they  are  re}>orted  to  be  from  iftO 
to  200  fee^t  d(M*p,  tlieir  depth  usually  exceeding  50  feet.     The  head 
is  slight,  not  oftiMi  more  than  a  foot  or  two,  and  frequently  the  water 
does  not   ris(^  (|uite  to  the  surface.     Many  of  the  wells  of  the  area 
(low,  ]H)t  trojii  a  casing,  hut  from  the  top  of  the  dug  basin,  through 
an  open  ditch  to  the  roadside.     Tliis  is  a  probable  source  of  con 
taniinalion  to  tli(*  basin,  since*  in  this  open  ditch  filth  of  all  sorts  ma^ 
accunuihitc  and,  ch^spitc  the  fact    tliat   there  is  a  constant  curren 
flowing  from  the  well,  will  eventually  find  its  way  to  the  basin  an 
pollute  it.     A  glance  at  the  condition  of  some  of  these  oi>en  ditche 
would    convince  (»ven  a  casual  observer  that  they  were  foul  in  th 
extreme,  and  it  is  easy  to  see  how  a  heavy  rainfall  might  wash  muc 
of  tht»  filth  into  the  hasin.      If  this  ty]M»  of  well  is  to  be  used  and  th 
overflow  is  to  be  allowed  to  run  oil*  near  the  surface,  a  tile  drain  shoul 
be  carefully  laid  to  replace  {\w  o])en  ditch. 

In  every  flat  country  where  it  is  dillicult  to  dispose  of  wa^ste  watei 
it  would  be  a  most  exc(»llent  ])lan  to  construct  a  basin  of  concret( 
which  should  be  water-tight  and  built  hi'^li  euout];h  above  the  groun 
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prevent  overflow.  The  same  purpose  could  be  attained  by  the 
3  or  large-sized  sewer  tile,  or  by  piping  the  well  above  the  surface 
d  into  a  trough,  which  should  be  high  enough  to  prevent  overflow, 
this  way  a  surplus  of  water  would  always  be  on  hand,  and  yet 
ere  would  be  no  waste. 

The  water  from  these  wells  is  of  mediimi  hardness  in  most  cases, 
sh,  and  of  good  quaUty. 

The  water  is  said  to  come  from  a  thick  bed  of  sand,  lying  under  a 
atively  shallow  clay  deposit.  In  one  well  on  sec.  4,  the  record 
^  clay  60  feet,  sand  116  feet.  In  another  well  farther  south  it 
Ls  reported  that  the  record  was  clay  35  feet,  sand  72  feet.  Neither 
these  wells  flowed,  and  they  were  deepened  in  the  hopes  of  secur- 
;  flowing  water. 

It  is  frequently  reported  that  there  has  been  a  loss  of  head  in  these 
jUs.  Several  have  ceased  flowing  entirely,  and  have  been  cut  off 
d  fitted  with  pumps.  The  cause  of  this  loss  is  not  apparent,  unless 
be  the  dry  weather.  It  did  not  seem  to  be  generally  true  that  the 
pply  had  been  drawn  on  too  heavily  by  overdevelopment,  for  in 
►  case  were  the  wells  closely  crowded  together,  nor  were  there  any 
'.ry  large  flows  found.  The  apparent  cause,  therefore,  is  the  general 
Bering  of  the  ground-water  level  by  excessive  drought,  which  has 
turn  reduced  the  pressure  that  caused  the  head. 
An  extension  seems  possible  to  the  west  when  the  country  is  fully 
ttled,  and  it  also  seems  likely  that  a  greater  number  of  flows  might 
i  had  in  the  district  at  present  developed  if  care  is  taken  in  putting 
)wn  the  wells  and  in  properly  casing  them. 

The  sketch  map  of  southeastern  Midland  County  (fig.  49)  shows 
e  relation  of  this  area  to  the  Midland  area,  and  the  approximate 
tent  of  the  area,  while  the  facts  relating  to  the  wells  are  to  be  found 
the  table  on  the  next  page. 
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d  B'lows  into  old  dug  basin  from  which  a  pood  stn^am  of  water  runs  into  roadside  ditch. 
'  Cut  olT  into  basin. 

/Fonnerly  flowe<l  in  barnyard  on  side  of  bank,  but  is  stoppe<l  now. 
0  Dug  9  feot,  drilled  21;  flows  from  basin  into  ditch:  pumpotl. 
f^  Flows  more  in  wet  seasons. 

»  Partly  dug:  pumped  with  chain  pump:  flows  into  ditch. 
i  Pumped;  lost  head  during  dry  weather:  water  turbid  when  pumped. 
*  Pumped. 

i  Flow  stopped  temporarilv  by  sand. 

"»  Flows  into  cemente<i  tank.    Factory  uses  6  to  8  barrels  a  day. 

n  Mr.  liartlett  has  four  or  more  wellsof  about  this  depth  whicn  formerly  flowed:  now  pumped. 
o  House  well,  pumped  from  brick  cistern  26A  feet  deep, 
p  Bored  in  bottom  of  dug  well;  flows  over  surface  in  large  stream. 
9  Flows  less  than  formerly. 
r  Water  just  drops  from  pipe  because  of  drou^it. 
'  Does  not  flow,  but  water  cornea  near  surface. 
i  In  a  pasture;  water  rise.s  to  within  a  foot  of  surface  into  a  barrel, 
tt  Flows  into  barrel  near  bam;  flows  better  in  wot  parts  of  year. 
»  Much  affected  by  drought;  runs  only  about  a  drop  a  ^ccoud. 
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GBSBKBALE  T0WH8HIF. 

^his  area  is  located  in  the  south  part  of  Greendale  Township,  about 
Iway  l)etween  Midland  and  Mount  Pleasant,  in  the  valley  ot  a 
mtary  of  Chippewa  River.     (Fig.  50.) 

rhe  area  includes  four  wells,  all  about  the  same  depth,  located 
thin  a  mile  of  each  other.  All  have  small  or  medium  flows  pre- 
iting  no  peculiarities.  It  is  probable  that  other  flows  could  be 
veloped  along  the  stream  valley  east  and  west.  The  owner^s  post- 
ice  address  is  Steams.  The  driller,  Mr.  A.  Kinney,  resides  at 
easant  Valley.     The  following  table  sets  forth  the  available  facts: 

WelU  of  Greendale  Taumship  (T.  U  ^-f  R-  ^  ^.). 
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JASPEB  KTWNSHIP. 

This  area  lies  in  the  southwest  comer  oi  Midland  County,  5  miles 
st  ol  Shepherd  and  5  miles  north  of  St.  Louis,  and  covers  an  area 

about  10  square  miles,  a  location  that 
inors  it  well  within  the  region  formerly 
yered  by  a  Glacial  lake  in  the  Sag^inaw 
sin.  Because  of  this  history  its  surface 
neariy  flat  and  its  soils  are  usually  clays  or 
ly  loams,  broken  by  low,  irre^lar  ridges 
sand. 

Depending  on  situation  and  the  kinds  of 
Is,  there  are  two  types  of  wells — shallow 
^  w^ells  and  deeper  drilled  or  bored 
Us.  The  former  are  generally  in  sandy 
tricts  and  the  latter  in  the  clay  and 
my  areas.  The  sand  is  usually  rather  shallow  and  superposed 
)n  the  clay.  This  allows  the  rain  water  to  niii  through  to  the 
lerl^ang  clay,  saturating  the  bottom  layers  of  the  sand,  from 
ch  shallow  wells  may  draw  an  abundant  supply  of  water  at  a 
th  of  6  to  15  feet.  Such  wells  arc  usually  made  by  sinking  a  few 
rths  of  sewer  tile  of  sufficiently  large  diameter  to  the  wet  sand, 
a  the  clay  and  loamy  sections  the  dug  wells  are  usually  deeper 
n  in  the  sandy  areas,  but  there  are  many  which  were  originally 
ut  15  feet.  These  obtained  their  water  from  tliin  strata  of  sand 
Tavel  in  the  clay.     Since  tlic  settlement  and  clearing  of  the  coun- 

these  shallow  wells  have  in  many  cases  failed  aivd  \i«kN^  \i^^\i 


Fig.  50.— Map  of  Greendale  To\vn- 
ship  flowing-well  area,  Midland 
Countv. 
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deef)ened  by  boring.  Tubular  wells  are  very  common  in  the  dij 
lands,  and  range  from  17  to  200  feet  in  depth,  generally  obtainiog 
good  supplies  of  rather  hard  water  from  sand  or  fine  gravel  intfl^ 
bedded  with  the  clays. 

Many  of  the  tubular  wells  flow  above  the  surface,  and  the  whofc 
southwestern  part  of  the  township  is  apparently  underlain  by  wate^ 
bearing  strata  at  depths  varying  from  15  to  more  than  200  feet, 
from  which  the  water  rises  6  to  14  feet  or  more  above  the  surfice.1- 
Mr.  Armstrong  Kinney,  of  Pleasant  Valley,  stated  that  one-half  nuk 
west  of  Pleasant  Valley  flows  are  obtained  at  from  16  to  30  feei 
At  Pleasant  Valley  post-office  the  shallow  wells  do  not  flow,  and 
flows  are  only  obtained  from  below  100  feet,  but  1  nule  east  of  tlH 
post-office  there  is  a  flow,  said  to  be  from  about  200  feet.  Farti« 
east  the  flows  are  from  nearer  the  surface,  forming  a  distinct  flof- 
ing-well  area.  The  usual  head  is  only  from  1  to  4  feet,  but  J.  E 
Fox's  well,  in  sec.  32,  was  reported  to  flow  14  feet  above  the  surface 
when  first  completed.  Mr.  Kinney  estimated  the  average  height 
to  which  the  water  rises  above  the  surface  in  the  flowing  wells  d 
the  township  as  18  inches  or  less. 

The  water  usually  comes  from  fine  sand,  and  drillers  report  it  tf 
too  fine  to  l)e  screened  out.  In  confirmation  of  this  some  welb  an 
said  to  become  more  or  less  turbid  before  a  storm  and  to  require  fre- 
quent sand  pumping.  This  turbidity,  in  part  at  least,  is  due  to  the 
effects  of  lessened  pressure  of  the  atmosphere  at  such  times,  which 
allov.'d  the  water  to  flow  from  the  outlet  more  rapidly  and  carry  with 
it  the  finer  particles  of  sand  or  gravel  from  the  water  bed. 

The  Hows  are  generally  of  medium  or  small  size,  but  suflScient  for  I 
ordinary  farm  and  domestic  purposes.  The  wells  of  Messrs.  M.  Kobe-  ' 
son  and  J.  W.  Fox,  sec.  32,  and  J.  Tuger,  sec.  29,  are  among  the 
largest  flows  in  the  area,  while  a  few  of  those  visited  are  apparently 
nearly  clogged  up  from  the  packing  in  of  sand  at  the  bottom  of  the 
casing.  A  few  wells  were  reported  as  aflFected  by  the  weather, 
flowing  more  freely  in  the  rainy  seasons. 

The  water  of  the  wells  of  this  area  is  moderately  soft  and  contain^ 
less  iron  than  js  usually  present  in  waters  from  the  drift. 

This  township  may  be  considered  as  having  two  areas  of  flows,  th^ 
deej^er  wells  on  the  western  side  belonging  to  the  Coe  area,  extending 
from  Isabella  County,  and  the  shallow  ones  deriving  water  frotJ 
local  strata.  The  latter  area  is  best  developed  along  the  east  an^ 
west  county  line  in  sees.  15,  16,  21,  and  22,  where  the  wells  giv- 
small  flows  with  rather  slight  head  at  depths  from  30  to  70  feet 
These  wells  are  affected  by  droughts,  and  several  of  them  havi 
ceased  to  flow. 

Flows  from  shallow  strata  are  ol)tained  in  various  other  parts  oi 
the  township,  notably  in  the  southern  sections.     In  sec.  32  are  three 
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ills  arranged  in  a  triangle  about  100  feet  on  a  side  which  are  32,  55, 
d  76  feet  deep,  respectively.  These  are  on  the  farm  of  Mr.  Mark 
>beson,  who  has  another  well  43  feet  deep  which  flows  a  2-inch  pipe 
1. 

It  is  possible  that  these  areas  of  flowing  wells  may  be  extended  to 
B  north  aid  to  the  east  beyond  Pine  River,  as  the  need  for  deeper 
slls  in  these  districts  arises.  At  present,  since  there  is  considerable 
dd  in  these  sections,  the  wells  are  mostly  shallow.  The  well  at  the 
:ioolhouse,  sec.  27,  is  reported  as  being  the  most  eastern  flow  in  the 
wmship  and  th^most  northern  in  the  vicinity  of  the  river.  If  flows 
B  desired,  it  should  be  borne  in  mind  that  here,  as  elsewhere,  other 
ings  being  equal,  the  wells  put  down  where  the  ground  surface  is 
ivest,  that  is,  in  depressions,  are  most  likely  to  flow  and  give  large 
lantities  of  water.  Where  the  owners'  buildings  are  on  elevations, 
e  wells  should  be  at  the  lowest  possible  point  and  the  water  from 
em  forced  to  the  buildings  by  a  hydraulic  ram. 
For  particulars  relating  to  the  flowing  wells  of  this  area  and  a  map 
lowing  their  distribution  see  pages  93-100,  which  include  also  data 
•eviously  gathered  by  Mr.  Gregory.  In  some  cases  where  there  is  a 
ight  disagreement  the  record  obtamed  by  the  writer  is  supplemented 
jr  the  data  collected  by  Mr.  Gregory,  the  latter  being  followed  by  the 
iitial"G." 

GEKEYA  AHS  WABBSH  TOWHSHIPS.a 

There  are  a  few  flowing  wells  in  sees.  16,  17,  and  18,  Geneva  Town- 
hip,  and  one  in  sec.  19,  Warren  Township,  which  are  so  remote  from 
he  wells  of  the  Isabella  basin  that  it  scarcely  seems  advisable  to 
Qclude  them  in  it.  The  data  given  below  concerning  the  depth  and 
lowage  of  these  wells  were  obtained  from  a  well  driller,  none  of  the 
rells  being  seen  by  the  writer.  Possibly  other  flowing  wells  occur 
arther  east  in  the  county,  for  the  surface  descends  eastward  and  the 
mderground  water  probably  takes  that  course  from  the  higher  land 
n  Isabella  County.  There  was  insufficient  time  at  the  writer's  dis- 
K)sal  to  clear  up  that  district  properly. 

WdU  in  Geneva  Toumship,  Midland  County  (T.  15  N.,  R.  ^k  F.). 


Sets    Part  of 
tion.l  section. 


i  Flow 

Owner.  Depth.       per  Hemjirks. 

I  minute. 


'  ¥f.rt.    i  Gallons.  ■ 

8  r.  E.  Curtiss 80    Noflow. 

16  NE.  J...    M. McDonald 1(36  I Small  flow  from  sandy  bed. 

W,N.8ide..    D.  A.  Wilson IW           2.') 

17  I  W.side..    Lyman  Childs 115    Through  olav :  Mnall  flow. 

•7  j  NE.i...i  Albert  Beuhke W   I 

1' I  NE.}..,    Sam  Walker 190             .5  1 

ISjNE.i...    D.McFarlane ^^           ^-^  \ 

. .     Wm.  Tripp 29           2.     ;  Cased  16  feet. 


4l 


a  By  W.  M.  Gregory. 
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WeJh  in  Warren  Toumship,  Midland  CowrUy  {T.  16  .V.,  R.  2  IT.). 

u!^'.  I  i^Uon'  ;  ^>^"^^-  i  ^«P^h.  ^r^  \  Remarks 

i                                                              '  Feet.     OaUoru. 

W)     SE.J...J  L.A.Bliss 80  |         0. 8  |  SmaU  flow. 

7     NE.i..  '  PhU  Preston 100   '  Water acaire. 

19  ;  Center.  J  Test  well 300  > '  No  flow;  water  «•*««. 

17     NK.}...'  .I.Marihood 70 I  Do. 


WATER  SUPPLIES  OF  SANILAC  COUNTY. 
By  Frank  Leverett. 
TOPOGRAPHY. 

Sanilac  County  fronts  on  the  southern  part  of  Lake  Huron.  Along 
the  border  is  a  j)lain  3  to  5  miles  wide,  once  covered  by  lake  waters,  oft 
which  several  small  flowing-well  districts  have  been  found.  Backol 
this  is  the  Port  Huron  moraine,  filling  the  interval  of  2  to  6  miles 
between  the  lake  plain  and  Black  River  and  forming  a  catchment  am 
for  the  flowing  wells  east  of  it.  Along  and  west  of  Black  River  »» 
extensive  swamps,  and  the  western  two-thirds  of  the  county  is  largelj 
level  land.  The  Marlette  moraine  crosses  the  southwestern  part  of 
the  county  from  Marlettc  to  Melvin.  Narrow  ridges  run  from  tie 
iimer  or  nort  h  border  of  this  moraine  northward  several  miles  into  the 
plain.  There  are  also  narrow  strips  of  ridged  drift,  generally  gravelly, 
scattered  over  the  western  part  of  the  coimty.  The  northwestern 
part  of  the  county,  on  each  side  of  Cass  River,  is  morainic  and  very 
thickly  strewn  with  bowlders.  There  are  a  few  small  flowing-well  dis- 
tricts west  of  Black  River  discussed  below. 

The  western  part  of  the  county  is  tributary  to  Cass  River  throu^ 
streams  draining  westward  or  northw^ard.  The  central  portion  is 
drained  southward  through  Black  River,  which  enters  St.  Clair  Eiver 
at  Port  Huron.  The  eastern  edge  of  the  coimty  drains  directly 
toward  l^ak(»  Huron.  The  waters  of  the  Glacial  Lake  Whittlesey  cov- 
ered Jiuich  of  the  swampy  land  along  Black  River  and  discharged 
througli  tlie  Ubly  outlet  in  southern  Huron  Coimty  into  a  lake  across  | 
whose  bed  Cass  River  takes  its  course  from  Ubly  southwestward. 

The  southern  part  of  the  county  and  all  the  shore  except  the  north- 
ern third  is  thickly  covered  with  drift.  But  in  the  remainder,  or  more 
than  half  the  county,  rock  is  struck  at  depths  usually  of  25  to  75  feet, 
and  there  are  a  few  ro(^k  outcrops  along  Cass  River  in  the  northwester 
part  and  along  the  lake  shore  in  the  northeastern  part.  The  rock  ii^ 
the  central,  northern,  and  western  parts  is  Marshall  sandstone,  and 
contains  abundance  of  excellent  drinking  water.  The  southeastern 
I)art  is  underlain  by  shale,  and  this  affords  but  little  water  and  that 
generally  of  poor  quality.     The  drift  is  therefore  the  main  source  fot 
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kter  in  the  southeastern  part,  but  the  sandstone  is  largely  drawn 
►on  in  the  remainder  of  the  county.  East  of  Black  River  in  parts  of 
e  morainic  ridge  and  in  parts  of  the  lake  plain  the  drift  is  also  a  poor 
i.ter  bearer.  As  a  result  farmers  on  the  lake  plain  have  in  some  cases 
«n  obUged  to  haul  water  either  from  neighboring  wells  or  from  Lake 
Liron  and  have  impounded  water  for  stock  by  placing  dams  across 
tall  streams  tributary  to  Lake  Huron. 

WATERWORKS. 

The  following  villages  have  waterworks  for  fire  protection  and  lawn 
rinkling,  but  not  for  domestic  use:  Brown  City,  Croswell,  Lexing- 
n,  and  Carsonville.  Marlette  has  a  supply  for  domestic  use  as  well 
fire  protection. 

BBOWH  CITY. 

This  town,  in  the  southwestern  part  of  the  county,  has  several 
lallow  wells,  excavated  to  depths  of  6  to  20  feet  along  the  base  of  a 
ift  ridge.  These  are  drawn  upon  in  case  of  fire.  There  is  also  a 
llage  well  217  feet  deep  and  3  inches  in  diameter,  made  in  1903, 
hich  is  strong  and  is  used  for  street  sprinkling.  It  struck  rock  at 
W)ut  190  feet.  The  water  in  it  rises  to  12  feet  below  the  surface,  or 
87  feet  above  tide.  Another  well  at  the  electric-light  plant  is  about 
00  feet  deep,  penetrating  into  rock  a  few  feet.  In  it  also  water 
bands  12  feet  below  the  surface,  but  it  is  not  a  strong  well.  The 
rater  is  used  in  boilers.  Other  deep  wells  in  the  village  similar  to 
hose  just  mentioned  are  at  the  Harrington  Hotel,  a  creamery,  and  a 
aiming  factory.  The  Harrington  Hotel,  however,  now  obtains  a  sup- 
Jy  at  140  feet  from  gravel.  Wells  in  the  northwest  or  main  residence 
lart  of  town  get  plenty  of  water  in  gravel  below  till  at  50  to  70  feet. 

MABLETTE. 

Marlette,  in  the  southwestern  part  of  the  county,  obtains  a  water- 
iTorks  supply  from  wells  drilled  into  rock  on  low  ground  in  the  north- 
m  part  of  town.  The  water  stands  nearly  level  with  the  surface  and 
3  pumped  direct  to  the  mains  with  an  ordinary  pressure  of  40  pounds 
nd  a  fire  pressure  of  80  pounds  The  plant  was  installed  in  1896  at  a 
ost  of  $15,000. 

GBOSWELL  AND  LEXINGTON. 

The  village  of  Croswell,  in  the  eastern  part  of  the  county,  has  a  sup- 
)ly  from  Black  River  for  fire  protection  and  sprinkling.  Water  is 
pumped  to  an  elevated  wooden  tank.  The  plant  has  been  in  opera- 
tion since  1895.  The  domestic  supply  is  from  private  wells,  usually 
about  30,  but  in  some  cases  100,  feet  deep. 
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Lexington  is  the  only  village  on  the  lake  shore  in  this  county  thit  | 
has  water  stored  for  fire  protection.     The  wells  used  for  this  purpose  I 
flow  into  two  underground  wooden  tanks  8  by  16  by  10  feet  deep  ^ith 
which  the  hose  and  fire  engine  are  connected.     The  wells  are  21  to  23 
feet  deep.     The  public  school  has  a  flowing  well  42  feet  deep.    (For 
flowing  wells  of  the  district  see  pp.  249-251.) 

In  the  following  table  partial  analyses  are  given  of  water  from  sev- 
eral sources  at  Croswell  and  Lexington.     The  Black  River  supply  is  I 
used  only  for  sprinkling  and  fire  purposes  and  is  as  good  as  the  water  I 
from  the  shallow  wells.     A  safer  supply  is  from  deep  w^ells,  such  as 
that  at  the  Croswell  Hotel.     The  deeper  well  at  Lexington  is  in  the  ] 
rock.     The  data  were  furnished  by  M.  O.  Leighton,  of  the  United 
States  Geological  Survey : 

Partial  analyses  ofuxUers  near  Croswell  and  Lerin^fton. 
[  Parts  per  million.] 


Color 

Iron  (Fe) 

Chlorine  (CI) 

Carbon  dioxide  (CO«) . . 
Sulphur  trioxide  (vSO.^) . 
Uardncss  (as  TaCOa) . . . 


^• 

2.         1 

46 

»    i 

I 

1.25 

36.9 

29.3    1 

90.53 

58.88  1 

36 

5        1 

>»+ 

139+ 

149 
3        I 

49       , 
105.70 

15 
139+     I 


71 

2 
1L5 

9ia 

5 

1»+ 


S.J.  Lewis,  analyst.    1.  Black  River,  Croswell.    2.  Croswell  Hotel,  Croswell;  depth.  101  feet.   3.  B. 
Pabst.  Jx^xlngton;  depth,  910  feet.    4.  School  district  No.  6,  Lexington;  depth,  42  feet. 

GABSOirVILLE. 

There  is  a  waterworks  plant  connected  with  a  mill  in  Carsonville, 
but  it  is  apparently  not  for  general  use.  The  water  is  pumped  to  an 
elevated  tank. 

SANILAC  CEHTEB. 

In  1904  plans  were  developed  at  Sanilac  Center  to  install  water- 
works and  draw  the  supply  from  drilled  wells,  which  afford  a  large  and 
excellent  supply  from  70  feet  or  less. 

MISCELLANEOUS  VILLAGE  SUPPLIES. 

The  tabulated  data  on  village  supplies  in  1904  w^ere  obtained  largely 
by  correspondence  with  residents.  The  data  collected  by  C.  H.  Gor- 
don some  years  earlier  for  the  Micliigan  Geological  Survey  pertain 
both  to  village  and  rural  supplies,  and  may  be  found  in  vol.  7  of  the 
report  of  that  survey  published  in  1899. 
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Village  supplies  in  Sanilac  County. 
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SOOIX!*.^ 

1 

2 

I>«pilxoIwellj. 

1 

wn. 

1 

^ 

i 

Springs, 

i^  *  ^  di 

763 
7« 
gOD 

Sll 

7» 

731 

610 
800 

7§0 

s 

S2fi 

eno 

780 
7K» 

Open  fttid  driven  welU. ,. 
Drives  wellA^ ,  _,„,_„. 

Feet. 

Feet. 

15 
10 
Ifi 

14 

IS 
20 

10 

16 
30 
10 
30 
& 

3 

Ifl 

20 

12^ 
20 
13 
12 
10 

35 

30 
% 
104 

217 

«5 
lSf3 

100 

ao 

flO 
33 

70 

7a 

150 
380 
1€0 
]7fl 
GO 
100 

I7fi 

30 
20 

2& 

60 

50 
23 

20 

20 
25 

Ft€L 

25 

m 

6£ 

r  iBoi 

-12 

-12 

Small 

Ut -.. 

None. 

Op«J  ttnd  driven  wella. .. 

Bored  and  dflv^n  wq\1»J 

Op«o  and  driven  wells. .. 
Opon  And  driven  weUs 

and  cfip«k. 
Open  fl.ncf  driven  well* 

and  river. 

Open  and  driven  welb. .. 

.....do..... 

Opflt!  wells,  LBk*  Huron. 
Drilled  welts 

40 

190 

+213 



flO 
30 

"«■ 
30 

40 

SmalL 

m 

003 
100 

Do. 
None. 

600 
3»t 

tik 

70 

39 
25 
60 

"io 

dnuUL 
None. 

Up.. 

ttt* , , 

3N2 

Do. 

r:::::::  :  : 

Open  and  drilled  wella.. . 
do.._, 

Flowing  welta. .  _ , ... 

Bo* 

m, .. 

«10 

20 

20 

60 
30 
80 
irlo 
40 

m 

1* 

T5 

30 
100 

30 
100 
100 

40 

SO 

75 

+  7 
^10 

-an 

-  6 
-10 

Mnne. 

Open  And  drilled  welU, .. 
Bored  wells. ............. 

«0 

lao 

7fi 

mO 

""56" 

Stnall. 

Drilled  wel|s__. _....„ 

None. 

,,_do 

Do. 

314 
578 

Open  «uid  drilled  welk  ,. 
.....do ...........*.. 

SrojilK 

[■.....,«K 

do..*., 

FLOWING  WELLS. 


LEXINGTON  DI8TEICT. 


i  flowing  wells  of  the  Lexington  district  are  restricted  to  a  nar- 
trip  extending  from  the  cemetery  at  the  north  end  of  Union 

southward  through  the  west  part  of  the  village  between  Union 
Iain  streets  and  about  a  mile  beyond,  or  into  the  southwest  part 
.  31,  T.  10  N.,  R.  17  E.,  as  shown  in  the  sketch  map  (fig.  51). 
jtrip  is  scarcely  one-eighth  mile  in  average  width.  The  border- 
•acts  appear  to  have  been  thoroughly  tested,  several  attempts 
tain  flows  at  lower  levels  along  Main  street  having  been  unsuc- 
1  as  well  as  those  on  the  higher  ground  along  and  west  of  Union 
.  There  are  springs  to  the  north  of  this  strip  of  flowing  wells 
ilso  to  the  south,  which  may  belong  to  the  same  pool.     The 

area  of  the  flowing- well  strip,  not  including  the  springs,  is  less 
balf  a  square  mile,  while  the  number  of  successful  flows  in  opera- 
n  October,  1904,  is  not  less  than  21.  They  are  at  an  altitude 
-  50  feet  above  Lake  Huron  or  630  feet  above  tide.  The  wells 
*om  a  bed  of  sand  beneath  a  thin  sheet  of  clay  apparently  till, 
hose  in  the  village  are  just  east  of  the  Elkton  beach.  With  one 
)tion  they  are  less  than  25  feet  in  depth,  while  some,'  as  indicated 
3  table  below,  are  but  10  or  12  feet.     The  schoolhouse  well  on  the 
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west  side  of  Valen  street  is  42  feet  deep.  It  reached  a  deepe: 
than  the  others,  and  apparently  is  at  the  eastern  edge  of  the  di 
for  a  boring  88  feet  in  depth  on  the  opposite  or  east  side  of 
street  failed  to  get  a  flow.  The  water ^is  piped  to  the  school  gn 
The  first  well  was  made  about  twenty  years  ago  by  John  Bel 
the  north  end  of  the  present  strip  of  flows.  Others  nearly  as  c 
the  Purkiss  well  on  the  north  side  of  Lake  street,  w^est  of  Vale 
a  well  owned  by  Walters  &  Co.,  sunk  only  a  few  feet  from  the  s 
house  well. 

It  is  the  custom  for  two  or  more  families  to  join  in  putting  ( 
flowing  well  and  then  pipe  the  water  to  each  residence.  In  th 
nearly  all  the  residents  east  of  the  flowing-well  strip  as  well  t 

have  been  supplied,  for  ther 
rapid  descent  in  the  lake  plaii 
the  well  strip  to  the  lake  blufi 
The  water  is  not  very  hai 
contains  only  a  moderate  amc 
iron.  (See  analysis  of  schoc 
well,  p.  248.)  It  is  very 
prized  by  the  residents  beca 
its  quality,  and  care  is  taken 
vent  waste,  most  of  the  wells 
faucet^s  or  other  mean^  for  si 
off  the  flow  when  not  needed. 
The  rate  of  flow  where  tes 
made  is  about  2  gallons  a  minu 
1-inch  pipes  having  half-inch  i 
In  most  cases  the  rate  is  diff 
determine  because  of  the  distr 
of  water  through  two  or  more  pipes. 

The  temperature  tests  were  of  more  value  in  showing  the  \ 
of  the  soil  through  which  the  pipes  are  conducted  than  the 
temperature.  vSeveral  wells  had,  on  October  11,  at  9  to  10  c 
temperature  of  /)5.5°  or  al)out  7^  above  the  usual  temperatun 
flowing  wells  in  that  region  and  7.2°  above  that  of  a  large  flowi 
3  miles  south  of  Lexington,  discussed  below.  It  is  probable  t 
soil  temperature  at  that  time  was  sufficient  to  increase  the  te 
ture  of  tlie  wells  7°.  The  winter  and  early  spring  temperature 
water  as  it  issues  from  the  pipes  are  likely  to  be  much  below  t 
mal  water  temperature.  A  series  of  carefully  conducted  wat 
perature  observ^ations  would,  if  carried  through  an  entire  y 
likely  to  yield  important  data  on  variations  in  soil  temperatu 


Fig.  51.— Map  of  Lexington,  Sanilac  County, 
showing  flowing  wpHs  and  neighboring 
springs. 
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following  data  concerning  the  wells,  and  the  plat  of  the  village, 
imished  by  the  president  of  the  village,  J.  F.  Meyer: 

FUnoing  wells  at  Lexington. 


Location. 


Depth. 


Association. 


kabur>' . 


iliac. 


Co. 


liter. 

ai.... 


'11 

»r 

lard... 
shank. 


tnett. 


North  end  of  Union  street 

About  20  rods  southeast  of  cemetery 

South  side  of  Simmons  street 

South  side  of  Lapeer  road 

South  of  Lapeer  road 

West  side  of  Valen  street 

10  feet  from  schoolhouse  well 

North  side  of  Lake  street 

South  side  of  Lake  street 

20  rods  west  of  Miller  well 

In  sa«  between  Lake  and  Hubbard  8treet8. 

North  of  Hubbard  street 

15  feet  west  of  village  well 

200  feet  east  of  Hicks  well 

South  of  Lester  street 

do. 


West  of  Main  street 

80  feet  southwMt  of  Janett  well 

Northwest  comer  of  SW.  J  sec.  31,  T.  10  N.,  R.  17  E. 

West  side  of  SW.  i  SW.  i  sec.  31 

South  Bide  of  SW.  J  SW.  J  sec.  31 


Feet. 
18 
19 
19 
20 
21 
42 
21 
21 
21 
21 
17 
23 
23 
20 
19 
19 
18 
18 
10 
12 
12 


Important  itprings  near  Lexington. 


Location. 


rk I  SE.  JNE.  i  sec.  25,  T.  10  N.,  R.  16  E. 

ison !  SW.  JSE.  }  sec.  25. 

nd ;  SE.  J  SW.  }  sec.  25. 

>tey I  Near  center  of  NW.  I  sec.  25. 

and I  Northeast  comer  of  N W.  J  sec.  36. 

I  East  part  of  NE.  i  SE.  }  sec.  36. 

I South  part  of  NE.  iSE.  }  sec.  36. 

enney East  part  of  SE.  J  SE.  \  sec.  36. 

tt NE.  J  SE.  i  sec.  36. 


(Boils  up  with  great  strength.) 


R.  Pabst,  of  Lexington,  sunk  a  well  900  feet  deep  in  the  valley 
Creek,  3^  miles  south  of  Lexington  and  about  one-fourth  mile 
he  shore  of  Lake  Huron,  at  a  level  10  to  15  feet  above  the  lake  or 
595  feet  above  tide.  At  a  depth  of  132  feet,  near  the  base  of  the 
,  strong  flow  of  water  was  obtained,  which  runs  15  gallons  a  min- 
d  will  yield  by  pumping  ten  times  that  amount.  The  water  is 
.nd  of  excellent  quality,  with  a  moderate  amount  of  iron.  (See 
is,  p.  248.)  Another  vein  with  sulphur  water  was  struck  at 
et,  which  rises  to  the  surface  but  does  not  flow  wuth  such 
th  as  that  from  the  glacial  deposits.  The  temperature  of  the 
led  waters  as  they  escape  from  the  well  mouth  was  48.3^  .F. 
?r  11,  1904.  The  same  water  was  found  by  Doctor  Lane  some 
earlier  to  have  a  temperature  of  48°,  but  his  observations  were 
er  weather.  Whether  this  difference  is  attributable  to  a  change 
t  amount  in  temperature  of  the  water  or  is  merely  referable  to 
nces  in  the  graduation  of  the  thermometers  is  not  known.  The 
is  going  to  waste  at  present,  but  may  be  developed  if  that  part 
lake  shore  becomes  a  summer  resort,  for  it  stands  in  a  very 
tive  piece  ot  forest  suitahlo  for  a  park. 
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BUBL  FIELD. 

The  main  group  of  wells  in  Buel  Township  is  on  the  western  side  oil 
a  sharply  ridged  belt  of  gravelly  drift  a  short  distance  southwest  otl 
the  center  of  the  township.  There  are  other  flows  at  the  south  endrfl 
the  ridge  on  the  Fremont  side  of  the  line  of  Buel  and  Fremont  town-! 
ships  and  a  very  strong  spring  issuing  from  the  base  of  the  ridgil 
between  these  groups  of  wells  in  the  west  part  of  sec.  33,  BuelTown-l 
ship.  It  seems  proper  to  throw  all  of  them  into  a  single  field  with  the! 
gravel  ridge  as  the  catchment  area.  There  are  two  other  flowing wefcj 
in  Buel  Township  about  3  miles  east  of  this  ridge,  which,  thou^feil 
perhaps  by  the  same  catchment  area,  are  on  its  opposite  side  andpe^| 
haps  in  a  different  pool,  unless  the  flowing- well  field  completely  sa^  I 
rounds  the  ridged  belt. 

The  group  of  wells  west  of  the  ridge  are  at  an  altitude  about760feeil 
above  tide,  those  at  its  south  end  about  770  feet,  and  those  ontbl 
plain  to  the  east  of  the  ridge  about  750  feet,  while  the  ridge  has  in  I 
altitude  of  800  to  810  feet  along  its  crest.  The  water  has  barely  suf-| 
ficient  head  to  flow,  and  probably  would  not  rise  more  than  5  f«A| 
above  the  surface  in  any  well.  In  some  it  rises  barely  level  with  thl 
surface  and  escapes  along  ditches  connecting  with  the  weUs.  In  some] 
wells  pumps  are  attached. 

The  oldest  wells  were  made  in  1871,  and  several  have  been  made  1 
twenty  years.     The  head  seems  to  have  decreased  sUghtly,  and  this 
has  led  to  the  use  of  pumps,  for  it  is  considered  more  convenient  to 
pump  the  water  than  to  maintain  a  good  drinking  place  for  stock  at  a 
level  a  foot  or  two  below  the  ground  surface. 

The  wells  on  the  west  side  and  south  end  of  the  ridge  are  very  shal- 
low, ranging  from  10  to  30  feet  in  depth.  Those  on  the  plain  east  are 
40  to  50  fei^t.  They  all  pass  through  clay  before  striking  the  water, 
which  is  obtained  in  sand  or  fine  gravel. 

The  temperature  showed  a  range  from  49°  to  53°  in  the  different 
wells,  all  being  taken  in  a  single  forenoon  on  October  8,  1904.  The 
temperature  of  the  large  spring  referred  to  above  was  52°  on  that 
date.  Tli(^  varying  effect  of  the  warm  surface  layers  of  the  earth  on  the 
waters  rising  through  them  seems  a  sufficient  reason  for  the  varia- 
tions displayed. 

Only  one  well,  that  of  C.  J.  Nelson,  was  in  good  condition  for  testing 
the  rate  of  flow,  and  this  yields  but  a  gallon  in  four  minutes.  The 
spring  flows  a  stream  several  inches  in  diameter,  producing  a  small 
creek  as  it  runs  across  the  plain  west  of  the  ridge,  and  yields  much 
more  water  than  the  combined  flow  of  aU  the  wells. 

The  water  is  hard  and  has  sufficient  iron  to  produce  the  character- 
istic orange-colored  scum  upon  objects  over  which  it  passes. 


SANILAC   COUNTY. 


253 
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rtof 
tion. 

Owner. 

When 
made. 

Depth. 

Head. 

Tem- 
pera- 
ture. 

Remarks. 

.J... 

Aaron  French 

do 

1871 
1874 
1894 

1893 

1889 

1895 
1884 
1880? 

Feet. 
15 
17 
25 

30 

21 

20 
50 
40 

FeeL 
-1.5 
-1 

(7) 

0 

-f2 

+  1 

+  1 

0 

"52  " 
50.5 

49 

49 

50.2 

(?) 
(?)• 

Well  stopped  flowing  in  1896- 
Well  stopped  flowing  in  1901. 
Pump  attached. 

Water  rises  to  surface  and 

forms  pool. 
Dug  12;  bored  9  feet  through 

clayey  till  to  sand. 
Pump  attached. 
WeU  plugged. 
Head  waslowered by  flow  of 

Coggin  well. 
Not  visited. 

side, 
ride.. 

Aaron  French  (bam 
near  house}. 

Aaron  French  (in  pas- 
ture). 

W.  Francis 

dde.. 
side., 
ilde.. 

W.  J.  Stratton 

Thos.  Coggin,  Buel... 
Geo.  Carey,  Buel 

A.  Wheatley,  Buel . . . 

lide . . 

side. . 
Bide. . 

W.  H.  Carey,  Buel . . . 

C.  J.  Nelson,  Fremont. 
I.  Johnson,  Fremont . 

1891 
(?) 

40 

13 
12 

-10 

+3 

(?) 

50.5 
53 

On  ground  770  feet  above 
ti(^.  Head  higher  than  in 
wells  to  the.  east. 

Crock  well;  flow  1  quart  a 
minute. 

Pump  attached. 

PECK  DISTRICT. 

Tillage  of  Peck  stands  on  the  eastern  slope  of  a  morainic  spur 
tends  northward  from  the  Marlette  moraine  in  Speaker  Town- 
\  9  N.,  R.  14  E.)  into  the  southern  part  of  Elk  Township 
X.,  R.  14  E.).  The  water  in  the  wells  on  the  flanks  of  this 
ic  spur,  both  east  and  west,  rises  nearly  to  the  surface  in  a  strip 
ing  from  the  base  of  the  spur  in  sees.  9,  10,  and  11,  Speaker 
lip,  northward  about  4  miles;  seven  flows  have  been  obtained 
ground  in  the  eastern  part  of  the  village  of  Peck,  along  the  line 
.  27  and  34,  Elk  TowTiship.  The  first  was  obtained  twenty- 
go  by  Barney  McGrory;  it  was  dug  18  feet  and  bored  20  feet 
,  where  a  strong  gushing  flow  was  obtained  that  filled  the  dug 
d  flooded  the  street  and  dooryard.  The  dug  portion  was  filled 
Dbblestones  and  bowlders  to  prevent  caving,  but  the  water 
\es  to  rise  through  these  stones  and  flow  out  into  a  gutter  in  the 
The  other  wells  have  been  made  wathin  a  very  few  years.  In 
ises  they  have  been  banked  up  and  pumps  attached  to  prevent 
the  pump  spout  being  above  the  height  reached  by  the  water, 
voiding  a  muddy  place  around  the  w^ells.  The  head  is  appar- 
ut  1  to  3  feet,  and  in  one  or  tw^o  cases  is  barely  level  with  the 
,  so  it  is  easy  to  prevent  a  flow.  In  all  the  wells  the  water  is 
in  iron  and  hard,  and  is  not  popular  for  domestic  use.  The 
ature  of  the  water  is  49°  F.,  if  pumped  sufficiently  to  bring  it 
n  below  the  effect  of  atmospheric  heating.  The  observations 
lade  October  3,  1904,  on  which  date  some  of  the  w^ells  showed 
as  the  result  of  atmospheric  heating  of  the  pipes  near  the  sur- 
the  ground.  The  rate  of  flow  could  not  readily  be  determined, 
escape  is  not  through  pipes,  ])ut  from  a  tile  into  a  ditch  a  little 
the  surface  of  tlie  t^roiind. 


i 
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Wdls  at  Pedc. 


tion. 


l»art  of 
section. 


I  When  I  r»->*fc    Dlam- 
I  made.  |  ^^^\   eter. 


Feet. 


27 S.  sido..! 

27 S.  skip..' 

27....  SK.  \... 
34...  I  N.  side... 
34....'  \.  side..: 
34....'  N.  side.. 
34...  I  N.  side..! 


Mrs.  Bamey  McGror>' 

Mrs.  Sunfield ; 

John  Welch 

Calvin  Chrystler 

Mrs.  CArolinc  Allen...'. 

Lcmington  Ilall i 

M.  W.  Ilenry ;. 


1884 


Inches. 


291 


!  Tera- 

Hcad.'  pera- 

1   ture. 


Mode  of  e 


Feet,  I     «>  F.     I 
+2  I  49  I  By  pump  and  by  MM  ^ 

+2  I      (?)      ,  ^ 

+2  ' ,  Notvisit«d. 

+1  '  49  J  Pump. 


I 


0  , 

-1-1  . 


M 


Do. 


VALLEY   CENTEB  ABSA. 

Two  flowing  wells  have  been  obtained  near  Valley  Center  (T.  9X 
It.  13  E.),  at  the  border  of  a  plain  that  lies  on  the  northwestern  side 
a  moraine  passing  just  south  of  the  village.  They  are  both  shalloi 
one  made  l>y  Andrew  Cook  in  the  SW.  J  sec.  24,  being  18  feet,  and 
other  made  by  James  Campbell  in  the  east  part  of  sec.  22  about  2li 
feet  in  deptli.  The  latter  well  was  dug  18  feet  and  then  bored  about? 
feet  to  the  vein  of  water  from  which  the  flow  was  obtained.  TIm 
former  was  dug  to  the  water  vein.  The  wells  Avere  not  flowing  at  ^ 
time  of  the  writer's  visit  in  October,  1904.  No  definite  informatim 
could  be  obtained  as  to  their  head  in  w^et  compared  with  dry  seasonsi 
though  they  appear  to  have  a  lower  head  in  the  dry  seasons  of  th^ 
year.  It  is  the  opinion  of  residents  that  the  draining  of  marshes  neii 
the  wells  has  low  ered  the  head  sufficiently  to  stop  the  flow. 

A  w  ell  876  feet  deep  one-fourth  mile  south  of  Valley  Center  in  the 
west  part  of  sec.  27,  of  which  the  record  was  published  in  the 
annual  report  of  the  wState  geologist  for  1901,  has  water  rising  to  8  feet 
below  the  surface  or  797  feet  above  tide.  The  supply  apparently 
comes  from  near  the  base  of  the  glacial  deposits  at  a  depth  of  117  to 
149  feet.  This  well  is  on  ground  a  few  feet  higher  than  the  two  flow- 
ing wells,  so  may  have  fully  as  great  head. 

The  shallow  w(»l]s  probably  derive  their  supply  and  their  head  from 
the  neighboring  moraine  southeast  of  them.  The  catchment  area  for 
the  water  supply  in  the  deep  well  is  perhaps  in  the  same  moraine,  since 
the  record  shows  the  upper  95  feet  of  the  drift  to  be  fine  sand,  satu- 
rated with  water,  and  separated  from  the  low'er  water  bed  by  only  22 
feet  of  clay.  Conditions  seem  favorable  for  a  rise  of  water  nearly  to 
the  surface  all  along  the  northwest  border  of  this  moraine,  for  in  other 
wells  than  those  mentioned  the  rise  is  wdthin  15  feet  of  the  surface. 
Yet  it  may  not  l)e  possible  to  obtain  flowing  wells,  since  those  already 
obtained  seem  to  have  suffered  a  permanent  loss  in  head  that  has 
caused  them  to  cease  flowing. 
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tt  Sanilac  Township,  on  the  shore  of  Lake  Huron,  southwest  of 
"t  Sanilac  (T.  11  N.,  R.  16  E),  flowing  wells  have  been  obtained  in 
>  distinct  pools.  One  in  the  southern  part  of  the  township  embraces 
roup  of  five  wells,  the  other  in  sec.  10  has  as  yet  but  a  single  well. 
By  are  all  on  the  old  lake  plain,  less  than  a  mile  east  of  the  shore  of 
ke  Warren,  and  about  2  miles  from  Lake  Huron,  at  an  altitude  75 
100  feet  above  the  level  of  Lake  Huron.  The  catchment  area  is 
parentl}"  in  each  case  on  the  inner  or  eastern  slope  of  the  Port 
aron  moraine.  The  sand  and  gravel  ridges  formed  by  Lake  Warren 
e  on  this  slope,  and  probably  supply  some  of  the  water  struck  in 
bUs  farther  east,  though,  as  indicated  below,  much  of  the  water  thus 
isorbed  comes  out  in  springs  along  the  eastern  or  lakew^ard  base  of 
e  shore  deposits.  There  is  a  rapid  descent  from  the  crest  of  the  mo- 
me  past  the  flowing  wells,  the  crest  being  125  to  150  feet  above  the 
rel  of  the  wells  and  only  2  to  3  miles  distant. 
The  topographic  conditions  found  in  connection  with  the  flowing 
sDs  are  continued  along  all  of  this  glope  of  the  Port  Huron  moraine, 
it  the  stratigraphic  conditions  seem  to  be  favorable  for  flowing 
dls  in  only  a  few  restricted  areas  where  water-bearing  be^s  are  pres- 
t  between  sheets  of  clayey  drift.  There  are  intervening  places 
lere  wells  do  not  encounter  such  beds,  and  what  little  water  is 
tained  shows  much  less  pressure  than  in  the  flowing  wells.  No 
edictions  can  be  made  as  to  the  extension  of  the  flowing-well  areas 
cause  of  this  restricted  distribution  of  water  beds. 
The  flowing  well  in  sec.  10  is  at  the  residence  of  Joseph  Pohizehl,  on 
e  west  side  of  the  northwest  quarter  of  the  section,  at  an  altitude 
out  675  feet.  It  was  made  in  1895,  and  flows  a  very  weak  stream, 
the  rate  of  a  gallon  in  six  minutes  from  a  pipe  2i  feet  above  the  sur- 
ze.  The  depth  is  48  feet,  and  it  enters  a  sandy  gravel  below  blue 
1  at  44  feet.  Neighboring  wells  toward  the  south,  on  ground  of 
nilar  altitude,  have  been  sunk  to  depths  of  80  feet  or  more  without 
•taining  a  flow,  the  water  in  some  cases  remaining  fully  30  feet  below 
e  surface.  A  well  in  the  NW.  \  sec.  14  on  ground  40  feet  lower  has 
depth  of  59  feet  and  only  15  feet  of  water. 

The  group  of  wells  in  the  south  part  of  the  township  are  very  shal- 
V,  the  deepest  being  only  30  feet.  They  are  at  an  altitude  about  660 
ft  above  tide.  The  Suerwier  wells  are  on  the  lake  plain,  but  the 
»ys  and  Cronkheit  wells  arc  in  the  valley  of  a  small  stream  trenched 
to  15  feet  into  the  lake  plain.  The  escape  pipes  in  each  are  IJ 
hes. 
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WelU  in  th€  aouthem  paH  cfSaailae  Tmtfnakip  (F.  11  N.,  £.  1$  E,). 
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Deplb. 


28 
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Flow  per 
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Pumpett..!  MS 

Jgal- '  53 
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A  PfoTrnMy  vrarraetl  h^'^xpostimof  pLpoin  simlight:  date  of  obBervafloiii  on  wclU,Oetobtt(ll 
warm,  iiuimy  forcnooD. 

AAiriLAC    CBHTEE   ITEXB. 

A  single  flowing  well  was  obtained  in  September,  1904,  about 
inile  eaat  of  Sanilac.  Center,  on  the  farm  of  James  McCaren^  in  m 
T.  12,  R.  14  E,  It  is  reported  by  the  owner  to  obtain  the  flow 
shale  rock  at  depth  of  78  to  83  feet,  rock  being  struck  at  40 
The  well  is  4  inehes  in  dianieteT,  and  flowed  a  1-inch  stream  that 
when  struck,  to  1  \  feet  above  the  surface,  but  within  two 
lowered  6  inches.  The  water  is  150ft,  with  a  slight  taste  of  salt, 
well  is  near  the  w^estern  edge  of  a  swamp  that  stands  only  a  fewfcl 
below  the  drier  land  to  the  west.  It  seems  probable  that  other floi 
may  be  found  in  this  swamp,  or  at  least  that  water  wtU  rise  nearijl 
the  level  of  the  well  mouth. 

In  the  village  of  Sanilac  Center,  in  wells  of  a  depth  similar  tal 
McCaren  well,  the  water  stands  6  to  20  feet  below  the  surface  in  I 
cordance  with  the  altitude,  those  on  the  lowest  ground  having  wil 
nearest  the  surface;  probably  in  all  it  UBes  to  very  nearly  the  sUS 
altitnfle  ah  in  the  MoCaren  flowing  welh  The  water  is  soft,  aJidbi 
very  little  taste  of  salt. 

8NOOVEB  FIELD. 

South  of  vSnoover,  at  the  edges  of  the  swamp  which  is  traversedl 
the  south  fork  of  Cass  River,  are  a  few  flowing  wells  from  the  roc 
The  strongest  is  in  sec.  25,  LaMotte  Township,  in  the  pasture  of  T. 
Miller,  and  has  a  de])th  of  280  feet.  It  flows  the  full  capacity  of  i 
escape  pi])e  one-half  inch  in  diameter  at  a  level  3  feet  above  t 
surface.     The  water  is  not  chalybeate  and  is  apparently  soft. 

Samuel  Moore's  well,  in  the  central  part  of  sec.  32,  Moore  Toin 
ship,  has  a  pump  attached,  for  it  barely  rises  to  the  surface.  1 
temperature  (49.5°)  was  obtained  by  pumping. 

Albert  Jones  w^ell,  in  the  east  part  of  sec.  30,  Moore  Township,  ^ 
made  in  1904  and  flows  IJ  gallons  a  minute.  This  water  is  rati 
soft,  with  little  or  no  iron,  and  flow^s  1 J  gallons  a  minute. 

A  well  across  the  street  from  the  Jones  well,  on  J.  R.  Dorman  fai 
in  sec.  29,  once  flowed,  though  on  ground  several  feet  higher. 
has  stopped  now,  and  as  the  head  became  less  before  the  Jones  \ 
was  made,  that  is  not  the  entire  cause  for  loss  of  head. 
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12 
12  , 
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Part  of 
section. 


S.  side.. 
Center., 
E.  side. . 
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Owner. 


T.J.MiUer    ... 
Samuel  Moore 
Aibert  Jones... 
J.  R.  Dorman.. 


When 
made. 


1903 

(T) 
1904 

(?) 


Depth. 


Feet. 
280 
100 
148 
(?) 


I 


Inches. 
3  I 

3 
(?) 


"F. 
49.3 
49.5 
49.0 
(?) 


Remarks. 


Rook  at  36  feet. 
Rock  at  40  feet. 


ASOTLS  TOWNSHIP. 

Two  flows  are  reported  in  Argyle  Township,  one  at  Laing  post- 

^ce,  the  other  on  the  farm  of  William  Cole,  in  the  southeast  part  of 

14.     They  are  both  on  low  ground  along  a  tributary  of  South 

River.     The  one  at  Laing  post-office  was  not  properly  manipu- 

k'fced^  and  has  become  clogged,  while  the  one  on  the  Cole  farm  had  so 

a  head  and  eo  slow  a  rate  of  flow  that  a  pump  is  now  attached. 

ch  well  enters  rock  a  few  feet,  and  the  depth  of  each  is  not  far  from 

feet. 

MINDEN  CITT  FIELD. 

A  flow  reported  by  Oordon  «  at  the  farm  of  E.  Seaman,  about  1  mile 
it  of  Minden  City  (T.  14  N.,  R.  14  E.),  obtains  its  supply  from  the 
JiCarshall  sandstone  at  a  depth  of  73  feet  (67  feet  to  rock). 

A  neighboring  well  on  the  farm  of  G.  Schweighert  has  a  head  only  2 

-dEeet  below  the  surface.     These  wells  are  at  an  altitude  of  fully  800 

it  and  stand  near  the  eastern  edge  of  the  sandstone.     In  the  lower 

eountry  to  the  east,  underlain  by  shale,  no  flow^s  are  reported,  though 

wells  frequently  reach  depths  of  60  to  80  feet,  and  occasionally  200 

feet.     The  altitude  to  the  west  is  higher  than  at  the  Seaman  flowing 

well,  being  850  to  860  feet  along  the  crest  of  the  Port  Huron  moraine, 

'  ■  80  no  flows  are  to  be  expected.     The  favorable  conditions  for  flows 

seem  to  be  restricted  to  a  narrow  strip  along  the  edge  of  the  Marshall 

sandstone  at  the  inner  border  of  the  Port  Huron  moraine. 

WATER  SUPPLIES  OF  HURON  COUNTY. 

By  A.  C.  Laxe. 

GENEKAL  STATEMENT. 

The  water  and  wells  of  Huron  County  have  been  treated  quite 
fully  in  the  writer's  Huron  County  report.^  Tliis  county  constitutes 
the  thumb  nail  of  the  thumb  of  Micliigan  and  is  bordered,  except  on 
the  south,  by  the  waters  of  Lake  Huron.  The  lake  is  so  shallow 
around  much  of  the  county  that  it  can  not  be  highly  recommended 
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as  a  source  for  water,  though  it  is  used  as  the  town  supply  of  Hariw 
Beacli.  Wells  in  rock  are  common  and  are  from  three  distinct  hori- 
zons witliin  the  county.  Those  on  the  east  shore  strike  into  shak 
with  Httle  or  no  water,  and  that  likely  to  be  salt;  those  in  tbi 
central  part  of  the  county  into  the  Marshall  sandstone,  where  a  good 
supply  of  water,  such  as  that  furnishing"  the  Bad  Axe  waterwoib, 
can  he  readily  obtained:  those  in  the  w^esteni  part  of  the  county  far 
an  area  of  about  10  miles  around  Pigeon,  pass  through  gypsiferow 
beds,  but  may  obtain  a  good  water  from  the  Marshall  sandstone  3 
that  from  the  overhang  beds  is  cased  out.     Probably  a  more  perm»- 

nent  water  supply  cu 
be  obtained  from  tb 
Marshall  sandstone 
throughout  the  r^ioa 
covered  by-  it  than  from 
the  drift. 

At  the  highest  out- 
crops of  the  MarshaB 
sandstone  the  water  level 
is  about  760  to  780  feet 
above  tide,  and  probably 
continues  so  for  about 
10  miles  north  of  Ublr. 
But  toward  the  north- 
west it  drops  down  to 
lake  level.  In  general, 
it  may  be  stated  that 
flowing  wells  are  obtain- 
able on  the  west-sloping 
part  of  the  county  di- 
rectly in  front  of  the 
west-facing  terraces  and 
along  the  stream  val- 
leys, or  that,  at  least, 
the  water  will  rise  very  close  to  the  surface  of  the  ground.  The 
altitude  of  the  top  of  the  Upper  Marshall  above  sea  level  is  shown  in  ] 
%.  52,  wliich  is  taken  from  the  Huron  County  report.  By  comparing 
these  contours  with  the  altitude  of  the  present  surface  the  necessary 
depth  of  wells  can  he  determined,  remembering  that  the  Upper Ma^ 
shall  or  Napoleon  should  he  [)enetrated  a  certain  distance,  not  ovet 
100  feet,  to  tj^et  the  best  results. 

With  the  exception  of  some  high  ridges  in  the  southern  part  of  tk^*' 
county  the  surface  was  once  beneath  the  waters  of  the  lake,  an^ 
numerous  sand  ridges  running  more  or  less  parallel  with  the  preser^ 
shore  indicate  old  lake  beaches.     On  these  sand  ridges  surface  wat^ 
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be  obtained,  but  it  is  liable  to  contamination.  Water  can  often 
^ound  on  this  old  lake  bottom  at  various  depths  in  the  drift,  and 
jcially  just  above  bed  rock.  Flowing  wells  can  be  found  all  along 
shore  from  Grindstone  City  to  Sebewaing,  and  sporadically  as  far 
)wendale,  Elkton,  Grassmere,  and  even  to  Bad  Axe,  biit  draw 
ely  from  the  underlying  rock  or  its  top.  Near  the  Bayport  quar- 
is  a  small  flowing-well  area,  in  Fairhaven  and  Winsor  townships, 
hich  the  water  level  fluctuates  with  that  in  the  Bayport  quarries, 
adicated  in  fig.  53.  Although  prospects  for  flowing  wells  are 
jrally  good  on  the  northwest  slope  of  the  county  below  the  750- 
contour  line,  there  is  not  more  than  3  or  4  feet  of  head  in  any 
of  which  I  have  knowledge. 

I  the  high  ridges  in  the  south  part  of  the  county,  in  Sheridan, 
l^ham,  Paris,  and  the  south  part  of  Verona  townships,  it  is  not  diflBi- 
to  get  an  ample  supply  of  water  without  going  into  the  underlying 
;.  There  are  also  some  springs  in  this  region.  The  ridges  are 
n  composed  of  clay  till  at  the  surface,  but  have  gravel  in  the  lower 


s. 


Feet 


3.— Cross  section  from  Bayport  quarries  southwest,  showing  relations  of  the  present  surface, 
rock  surface,  flowing  wpIIs,  etc. 

WATERWORKS. 

here  are  only  two  systems  of  village  waterworks  in  this  county — at 
bor  Beach  and  Bad  Axe. 

HARBOB  BEACH. 

'he  Harbor  Beach  waterworks  draw  from  Lake  Huron,  a  supply 
e  being  carried  1,200  feet  out  into  the  lake  and  outside  the  harbor 
akwater.  It  was  put  in  by  M.  Walker,  of  Fenton,  Mich.,  at  a  cost 
$16,000,  and  is  described  in  the  Huron  Times  of  September  17, 
'7.  It  supplies  150,000  o:allons  a  day,  or  about  100  gallons  per 
ita,  though  more  than  half  the  supply  goes  to  the  starch  factories. 

BAD  AXE. 

he  Bad  Axe  waterworks  are  supplied  from  a  number  of  wells 
Jt  200  feet  deep,  from  which  water  is  pumped  to  a  standpipe  200 
liigh.     The  water  originally  rose  1 1  feet  above  live  s\xrt«k.Q,^*,  wqj^ 
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it  is  15  feet  below.  It  must  be  remembered  that  besides  the  draft  on 
the  formation  by  these  and  other  wells,  such  as  those  put  down 
recently  in  Bad  Axe  for  the  sugar  factory,  the  region  from  which  the 
water  is  derived  has  been  extensively  drained. 

MISCELLANEOUS  VILLAGE  SUPPLIES. 

The  following  table,  made  up  in  large  part  by  correspondence  with 

postmasters,  presents  a  summary  of  conditions  at  the  post-offices  of 

the  county: 

Village  supplies  in  Huron  County. 


PAP- 
ULA* 

tiou. 

bounce. 

I>fl|>ttl  of  Weill. 

watrr 
b*l 

Villagt^. 

F*tim— 

To- 

C<rai- 

Appin 

aso 

7htK 
eoz 
fl27 

«80 
594 
590 
73ft 
.-iflO 

m 

(KM 

im 
em 

512 
710 

dni> 

7fl, 

7m 

770 
773 

m 

77ft 

fm 
^m 
mi 

.5*7 
740 

:ift 

720 

irA 

tm 
'm 

785 
7KI 

% 

150 
33 

506 
(T) 
(T) 
(7) 
471 

\m 

30 

\t4m 

25 

35 

fio 

175 

tm 
so 

35 
fifi2 
ITS 

.to7 

(7) 
3S 

m 
\m 

31 

0rave]»8andRtont«. .. 
Urliltd  wells  ....... 

F0H. 
10 

3(M0 
30-50 

5-ao 

40 
30 

.io~«o 

5 

30 
10 
30^ 
40 
10 

an- 

00 

do 

70 
50 
75? 

00 
40 

m 

MIT 
10 
20 
5 

FuL 
«t 

30 
12 
12 

m 

103 
00 
400 

eo 

38 

#•«!. 

Fat 

Ashmore ... 

30 

atMDI  rr 

Bad  Axe....,  

Bayport 

Berne 

Marwball  windHtotio, , 
llrlllc*!  well*...  ..... 

40-l«'    +1 
30  i    -J 

Drift 

Canboro 

Oravel  ^ ............. . 

....._..........^.... 

CaseviUe 

WVllaantlftttieftm,... 
liock 

!'. 

llfi 

22    ! 

.1 

33"    -J 

Center  Ilarb-ir . , .   . 

L 

Crown 

do 

^         ' »       ;  : 

Eagle  Bay 

Elkton  .     . 

10 
27 

"""as  " 

300 

"1 

■"""T 

.^tillflfttYYTK^ 

kk'\ 

a^   -D 

Grassmere ... 

Marshall  Batidstone.. 
,  .    do  .       .......... 

"^1 

Grindstone. 

Ifl 

2^+ 

■*'*-'"i 

Gottfl 

Drtlt 

38    < 

il 

Harbor  Beat'^^ 

Litlto  HiifY^n 

,j 

Haves 

Mldilgandertes^,.,. 

JOO 

2i«    1 

■ 1 

? 

Hefcna 

( 

"     J 

Drirt.*«iidTOCfe,„„ 

Gravel... 

Lowi*r  Marah^iL., .. 

Sandatono . ..... 

dn 

13 
30 

70 

no 

— 1 

( 

r"" 

Kilmanagh. 

Kinde 

*—„.., 

..„«*,. 

^..^ 4 

1 

1  ..... 

Link  vi  lie 

UK  lied  wfllljE 

fta 

■\%k" 

" ;"  „.j 

Gravrl ... 

Drillpd  wellM 

""■"^— 1  ,.„ 

Owendale. . 

A% 

m 

HMO 

""  HI  +5 

Parisville 

Sftadatone ........... 

Pawlowki 

do 

. 

*"""  1 

Pigeon 

Pinnibog ....... 

Drift  and  aandatoae. 
Marsluai  saiiditt<in^ . 
Gravel,... 

S7 
12 
36 
2Q 

10 

350 
UO 

35 
luO 
30 

- 

i« 

Popple . . . . 

2S 

91 

» 

Port  Au-^tin...... . 

Port  Cn'sconl 

Port  Hope 

Pointeaux  h/irtjitdFt 

Kapson , 

Kedrnan 

Lake  and  drilled  wnlU 
Sandstrme  and  drift. 
1  nakf^  and  rrx-Ic  tti?ll*  . 

-i 

SandMone.,., 

SD-70 
40 
57 

TU-OO 

5 
7fM» 
30-40 

1"'"    ., 

"Z. 

\\VZ'S^ 

■" 

J{es(Mio 

'iirillHl  wells ,... 

dpen     and     ilriHed 
wells. 

JirillHi  wellp...., 

AtecJwof  Marslmll 

windstnni?* 
l^riv^en     nr     drilled 

wellB. 
dfi-. 

73 
10 

10 

t2«  : 

100 

A 

Rutb 

Sebewuing 

^^igpl 

rbly 

Wadsworth 

M+ 

loo-aoo 

fW» 

10 

20 

100 

115 

10-13 

Bl>-115 

eo-ioD 

100-115 

8UPPL1KS  BY  TOWNSHIPS." 

BEBEWAING  TOWNSHIP. 

In  Sebewaing  Towniship  (T.  15  X.,  R.  9  E.)  there  is  very  little  wft^^ 
in  the  drift,  for  it  is  composed  almost  entirely  of  clay.  In  some  ca^; 
however,  the  wells  obtain  water  just  above  the  rock,  but  since  cO^ 
mining  has  become  extensive  such  wells  are  generally  deepened  'is%^ 
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le  rock.  These  at  first  flowed,  but  pumping  out  the  100  feet  of  water 
om  mines  has  stopped  the  flow.  There  are  also  shallow  wells  on  the 
tnd  ridges  supplied  by  surface  water.  A  reference  to  the  rock-con- 
cur map  of  the  coimty  (fig.  52)  shows  a  pre-Glacial  vaUey  crossing  the 
iwnship  southeast  of  Sebewaing.  The  extra  thickness  of  drift  seems 
0  be  due  mainly  to  an  addition  of  sand  and  gravel  at  the  bottom, 
^ossibly  some  of  the  sand  and  gravel  is  pre-Glacial,  but  aU  that  has 
)een  inspected  in  the  drillings  is  plainly  Glacial.  The  three  sections 
oUowing  illustrate  the  difference  between  a  well  in  the  pre-Glacial 
ralley  and  those  outside: 

Record  of  Charles  Winter  weU  in  pre-Glacidl  valley,  sec.  SO,  Sebewaing  Township. 


lay 

ind  and  gravel... 
irboniferoiis  rock 


Record  of  Joseph  Oreen  weU,  sec.  11,  Sehevxiing  Township. 
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59 
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00 

ol^w  in  chlorides  and  strong  in  sulphates. 
Record  of  well  at  Saginaw  mine,  sec.  17,  Sebewaing  Township. 

Thickness.      Total. 
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'»y  and  dry  lino  sand 
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^widens 
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The  waters  vary  in  the  amount  of  chlorine,  are  often  strong  in  sul- 
fates, and  are  not  infrequently  cathartic,  especially  in  rock  wells. 

In  sees.  32  to  34  there  is  a  flowing-well  district,  in  which  the  tem- 
eratures  are  from  50°  to  52°.  In  one  case  a  well  in  sec.  34  obtained 
«  supply  just  above  the  bed  rock  in  quicksand  at  a  depth  of  60  feet, 
le  altitude  was  629  feet  and  the  head  2  feet. 

The  rock  weUs  of  the  township  may  be  divided  into  two  groups: 
^ells  from  the  Carboniferous  limestone  or  from  gravel  just  above  it 
t  from  56  to  100  feet,  and  wells  from  the  Upper  Marshall  sandstone  at 
Gpths  of  150  to  200  feet.  Since  the  latter  pass  through  dolomitic 
tiales  and  perhaps  gypsum  of  the  Michigan  formation,  there  is  need 
^i*  casing  off  the  sulphated  and  cathartic  waters  which  these  rock^ 
apTy.  ' 
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BBOOKFIELD  TOWVSHIP. 

Brookfield  Township  (T.  15  N.,  R.  10  E.)  is  very  flat  and  except  for 
a  triangular  tract  of  about  2  square  miles  in  the  southeast  comer  was 
originally  swamp.  The  water  rises  generally  above  or  nearly  to  the 
surface.  The  drift,  like  that  of  Sebewaing  Township,  is  mainly  clay, 
with  sometimes  a  little  sand  or  gravel  above  or  below  it.  From  sees. 
10  and  14  south  westward  the  drift  is  not  thick,  being  usually  less 
than  50  feet,  but  in  sec.  5  it  is  115  feet,  as  shown  in  the  record  below, 
and  in  sex;.  3,  135  feet.  The  water  is  variable  in  quality,  chlorine 
being  often  perceptible  and  sulphates  varying  from  nothing  to  strong. 

Record  of  L.  WisnerweJlf  sec.  5,  Brookfidd  TovmAip. 
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The  well  of  Fritz  Matz  in  sec.  3,  235  feet  in  depth,  apparently  pene 
trated  135  feet  of  drift,  mainly  blue  clay. 

OBANT  TOWNSHIP. 

In  Grant  Township  (T.  15  N.,  R.  11  E.)  the  thickness  of  the  drift 
varies  from  only  30  to  35  feet  in  the  northwest  comer  to  a  very  con- 
siderable thickness  at  the  southeast  and  contains  a  larger  proportion 
of  sand  than  the  townships  to  the  west.  Wells  are  usually  obtained 
at  35  to  60  feet  in  the  southeast  part  of  the  township  without  reach- 
ing rock,  and  the  character  of  the  drift  is  variable.  The  most  detailed 
and  accurate  record  is  that  of  Mrs.  Walsh's  well,  presented  below: 

Record  of  Afrs.  Wahh's  tr**//,  sec.  17 y  Grant  Tovmship. 


C\&y 

Quicksand 

Red  clay,  gravelly  and  hanl. 
Rock. 


Thickness.;  Tottl. 


Feei.      '    /erf. 
15'  S 

22  ^ 


SHEBIDAN  TOWNSHIP. 


In  Sheridan  TowTiship  (T.  15  N.,  R.  12  E.)  the  wells  are  generally 
shallow,  often  getting  an  abundant  supply  in  gravel  at  12  to  20  fc^^' 
though  occasionally  bored  20  to  30  feet.     No  doubt  a  good  supply  ^* 
soft  water  from  sandstone  could  be  obtained  within  200  feet.    (^ 
the  southeastern  edge  of  the  township  are  a  few  wells  in  rock,  tt* 
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listance  to  rock  ranging  from  24  to  102  feet,  as  follows:  In  sec.  13, 
J4  feet;  in  sec.  24,  on  a  hill,  102  feet;  in  sec.  35,  73  feet;  in  sec.  36, 
^0  feet. 

BOrOHAlC  TOWNSHIP. 

• 

In  Bingham  Township  (T.  15  N.,  R.  13  E.)  the  hills  are  largely 
yi  till,  which  is  not  a  good  water  bearer,  and  the  wells  on  them, 
>ften  100  feet  deep,  ent^r  the  underlying  Upper  Marshall  sandstone, 
rhe  well  of  R.  Harrison,  in  the  southeast  part  of  sec.  2,  at  altitude 
579  feet  above  tide,  penetrated  130  feet  of  drift  and  has  a  water 
level  60  feet  below  the  surface.  There  was  80  feet  of  hard  till  and 
blue  clay  beneath  which  was  50  feet  of  fine  sand  or  silt.  In  the 
valleys  sandstone  is  struck  at  25  feet  or  less  and  the  drift  is  largely 
gravel.  WeUs  are  of  ten  obtained  around  Ubly  in  the  gravel  at  10  to 
12  feet,  while  at  Wadsworth  they  are  20  to  40  feet  deep.  At  Ubly 
there  is  a  bed  of  till  imder  the  surface  sand  and  gravel  which  in 
some  cases  is  underlain  by  another  gravel  bed  extending  to  bed  rock 
at  70  to  80  feet. 

PABIB  TOWNSHIP. 

In  Paris  Township  (T.  15  N.,  R.  14  E.)  the  drift  is  thin  at  the 
northeast  corner,  but  increases  in  thickness  to  the  southwest,  where 
the  rock  may  be  struck  anywhere  from  40  to  100  feet  or  more. 
Sandstone  imderlies  the  whole  township. 

8HEBMAK  T0WH8HIP. 

In  Sherman  Township  (T.  15  N.,  R.  15  E.)  most  of  the  wells  are 
shallow  and  chiefly  in  the  sand  or  gravel  of  the  old  lake  shores,  for 
the  underlying  drift  appears  to  be  a  heavy  clay  and  the  rock  is  shale, 
in  which  salty  water  is  struck  in  limited  amounts. 

WHITEBOCK  T0WH8HIP. 

In  Whiterock  Township  (T.  15  N.,  R.  16  E.)  conditions  are  simi- 
lar to  those  in  Sherman  Township,  and  the  best  reliance  seems  to 
be  on  shallow  surface  wells  carefully  protected  from  contamination. 
There  are  springs  along  the  bank  of  the  old  Lake  Algonquin. 

BAND  BEACH  T0WK8HIP. 

In  Sand  Beach  Township  (T.  16  N.,  Rs.  15  and  16  E.)  the  drift 
is  mainly  clay  except  for  sand  on  the  surface,  and  varies  in  depth 
from  a  feather  edge  to  83  feet  or  more.  The  wells  into  rock  are 
likely  to  be  salty.  The  village  of  Harbor  Beach,  as  indicated  above, 
is  supplied  by  pumping  from  Lake  Huron. 
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8I0EL  TOWNSHIP. 

In  Sigel  Township  (T.  16  N.,  R.  14  E.)  are  large  surface  depositi 
of  sand  and  gravel,  and  shallow  wells  using  surface  water  are  coia- 
mon.     Good  water  may  be  obtained  from  the  ^underlying  sandstone. 

VERONA  TOWNSHIP. 

In  Verona  Township  (T.  16  N.,  R.  13  E.)  the  wells  are  either  shil- 
low,  with  a  depth  of  but  10  to  12  feet,  or  are  over  40  feet.  Th«w 
is  usually  40  to  45  feet  of  clay  above  the  sandstone.  WeUs  in  the 
sand  rock  flow  at  an  elevation  of  4  to  5  feet  above  the  lowest  level 
The  following  are  typical  records: 

Well  records  in  Verona  Township. 


Thickness.  I    ToUl. 


Feet 


Muck  and  shell  marl. 

Clay 

Gravel 

Hard  pan 

Sand  rock 


et. 

Feet. 

.•» 

5 

20 

25 

5 

30 

15 

45 

30+ 

75+ 

Gravel 

Hard  pan . 
Blue  clay . 

Gravel 

Hard  pan . 
Sand  rock 


The  flowing-well  water  has  a  temperature  of  about  47*^  F.  and  a 
hardness  of  5°  to  6°  on  Clark's  scale. 

Wells  put  down  to  test  the  possibilities  of  water  supply  for  a 
sugar  factory  in  Bad  Axe  near  the  Pere  Marquette  Railroad  tracks, 
in  sec.  10,  Verona  Township,  at  an  altitude  of  756  feet,  are  all 
reported  to  flow  at  times  after  storn6,  etc.  At  the  time  of  the 
writer's  visit,  however,  only  one  was  flowing.  This  had  a  tempera- 
ture of  47°.  These  wells  are  340  feet,  deep  and  have  46  feet  of 
7-inch  casing,  reaching  probably  to  bed  rock.  The  Bad  Axe  public 
supply  is  discussed  above. 

COLFAX  TOWNSHIP. 

In  Colfax  Township  (T.  16  N.,  R.  12  E.),  which  includes  the  west- 
ern part  of  the  village  of  Bad  Axe,  the  Marshall  sandstone  is  stnick 
at  no  great  d(»pth,  iho  drift  being  usually  20  feet  or  le^ss  in  thickness, 
but  in  sec.  19  the  drift  is  60  feet.  A  cherty  limestone,  with  gypsum 
and  shale  in  places,  immediately  underlies  the  drift,  but  the  three 
have  a  combined  thickness  of  only  about  50  feet,  thus  making  the 
depth  to  the  Marshall  sandstone  about  70  feet. 

OLIYEB  TOWNSHIP. 

In  OUver  Township  (T.  16  N.,  R.  11  E.)  there  were  many  flowing 
wells,  but  most  of  them  have  failed,  the  failure  being  attributed  i^ 
part  to  the  draft  made  by  the  railroad  water  tank,  in  which  the 
pipe  was  cut  off  below  groimd  and  the  water  allowed  to  flow  into 
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«  tank.  No  doubt  the  lowering  of  the  ground-water  level  by 
tching  has  somethmg  to  do  with  the  failure.  Wells  in  sec.  8 
»tain  their  water  just  above  the  rock  at  a  depth  of  50  to  65  feet. 
-,  Elkton  sandstone  was  reached  at  25  feet,  and  the  depth  to  rock 
20  to  35  feet  through  sees.  20,  21,  22,  27,  28,  and  33.  Flows  are 
►t  uncommon  and  have  a  temperature  of  47.5°  F.  An  interesting 
ature  is  reported  from  a  well  in  sec.  36  only  13  feet  in  depth  and 
targed  with  H,S.  When  the  wind  is  from  the  east  the  water  becomes 
sck.  By  some  change  of  relative  head  an  iron-bearing  or  chalyb- 
,le  water  may  enter  at  such  times. 

WmSOB  T0WK8HIF. 

Winsor  Township  (T.  16  N.,  R.  10  E.)  is  a  fertile,  well-settled 
►wnship  full  of  wells,  many  of  them  deep.  Some  of  those  passing 
irough  the  Michigan  formation  are  highly  mineralized.  A  pre- 
lacial  valley  traverses  the  township  from  north  to  south,  nearly 
allowing  Pigeon  Valley,  and  a  limestone  ridge  with  a  steep  escarp- 
lent  toward  this  valley  lies  to  the  west  of  it,  thus  giving  much 
ariety  in  the  wells.  Near  Berne,  in  sees.  1  and  2,  wells  30  to  40  feet 
eep  obtain,  just  at  the  top  of  the  rock,  water  which  rises  barely  to 
tie  surface.  In  sec.  6,  also,  wells  almost  flow,  or  flow  until  midsum- 
ler.  They  are  obtained  from  the  rock  at  depths  of  20  to  29  feet,  the 
ock  being  entered  at  7  to  16  feet.     Wells  are  shallow  in  sees.  4  and 

and  are  liable  to  go  dry.  In  sec.  7  wells  27  to  37  feet  deep  some- 
imes  flow  and  give  a  temperature  of  49°  to°  50  F.  In  sees.  8  and  9 
he  rock  is  from  2  to  38  feet  from  the  surface,  and  in  the  latter  sec- 
ion  wells  180  to  190  feet  deep  flow  w  ith  temperatures  of  from  47°  to 
r8°.  Around  Pigeon  the  drift  is  largely  clay  and  reaches  a  depth  of 
>0  feet.  The  lower  part  is  slippery  blue  clay,  which  tends  to  close 
ip  the  wells.  Water  is  obtained  from  sandstone  at  about  120  feet, 
n  sees.  13  and  14  dug  wells  12  to  15  feet  deep  occur,  but  are  liable 
o  go  dry.  There  are  also  wells  175  to  200  feet  deep  which  flow.  In 
ecs.  15,  16,  17,  and  18  many  wells  are  put  to  the  limestone  24  to  40 
eet,  and  shallow  wells  are  usually  obtained  in  sees.  19  to  26.  In 
ecs.  27  and  28  they  pass  through  a  large  amount  of  drift.  One  at 
chool  district  No.  1  struck  rock  at  74  feet,  as  shown  in  the  following 
ection: 

Record  of  schoolliouse  well,  sec.  28,  Winsor  Toumship. 


«d  or  oxidized  cUy 

lueclay 

lardpan  and  bowlders. 

ind  and  gravel 

^ardpan  and  bowlders, 
latepock 


Thickness. 

Total 
depth. 

Feet. 
12 

Feet. 

12 

39 
3 

51 

54 

1 

19 
12i 

5.') 

74 

86i 

I 

266      WELLS   AND    WATER   SUPPLIES   IN    SOUTHERN    MICHIGAN. 

In  sec.  29,  Winsor  Township,  wells  range  from  69  to  188  feet,  1 
upper  limit  being  the  bed-rock  surface.     In  sec.  30  bed  rock  is 
about  60  feet  and  wells  are  from  40  to  200  feet.     In  this  southw 
part  of  the  township  they  are  likely  to  be  strong  in  sulphates, 
the  southern  sections  the  drift  is  thick,  being  about  60  feet  in  sec.l 
64  to  80  feet  in  sec.  32,  70  to  80  feet  in  sec.  33,  104  to  120  feet  in 
34,  and  73  feet,  at  Linkville,  in  sec.  35.     In  these  sections  the  drifti 
very  largely  clay,  and  water  is  obtained  at  its  base  or  in  the  rock. 

FAIBHAVXK  T0\»if8HIP. 

In  Fairhaven  Township  and  Bayport  (Tps.  16  and  17  N.,  R.  9Eij 
a  heavy  belt  of  sand,  the  Algonquin  beach  and  dunes,  is  present, 
which  surface  wells  can  readily  be  obtained.  Back  of  it  is  an 
muck  swamp  under  the  north  end  of  which  limestone  sets  in  at 
very  few  feet  and  water  comes  nearly  to  the  surface,  rising  a  litl 
above  when  the  quarries  are  not  pumped  and  falling  below  when  t: 
are  pumped.  The  temperature  of  these  wells  when  flowing  in  tlMi 
summer  was  50°  to  51.5°  F.  A  flowing  well  on  sec.  28  struck  bed  roA 
at  60  feet  and  terminated  at  100  feet;  temperature  of  water  5lJ?i 
Most  of  the  wells  at  Bayport  are  in  the  sub-Carboniferous  limestone, 
which  is  covered  mainly  by  sand. 

CA8EVILLE  T0WH8HIF. 

In  Caseville  Township  (Tps.  17  and  18  N.,.R.  10  E.)  is  a  belt  of 
dunes  east  of  which  the  soil  and  drift  is  mainly  clay.  An  abundant, 
though  highly  sulphated,  supply  of  water  is  generally  found  at  the 
base  of  the  drift.  Wells  which  terminate  in  the  Michigan  formation 
or  which  are  not  cased  through  that  group  are  often  highly  mineral- 
ized. When  the  wells  are  sunk  into  the  Marshall  sandstone,  it  woulc 
be  better  always  to  case  off  the  supply  from  the  Michigan  formation. 
Bored  or  dug  wells  when  over  the  line  of  pre-Glacial  channels  pene- 
trate 70  feet  or  more  of  drift,  but  elsewhere  rock  is  struck  at  less 
depth.  In  Ca.seville  the  water  comes  to  within  about  5  feet  of  the 
surface*. 

CHANDLER  TOWNSHIP. 

In  Chandler  Township  (T.  17  N.,  K.  11  E.)  there  are  good  wells  in 
the  sandstone  in  sees.  1,  2,  3,  and  4,  rock  being  entered  at  about  25  \ 
feet.  The  deeper  wells  in  sec.  4  have  a  head  close  to  the  surface.  ^ 
On  the  west  side  of  sec.  5  wells  begin  to  be  brackish  because  of  the  i 
gypsum,  whose  line  of  outcrop  runs  from  this  section  to  Soule.  i 
Wells  in  se^  ^  are  shallow,  in  sec.  7  deep  and  saline,  and  in  sec.  8  i 
strongly  sulphated,  being  drilh^d  into  the  gypsum.  They  sometimes  : 
flow  even  when  only  18  to  25  feet  deep.  In  sees.  10  to  13  rock  »  i 
entered  at  30  to  37  feet  and  in  sec.  14  at  40  feet,  the  drift  bein? 
largely  blue  clay,  but  supplied  with  water  beds  at  12  to  18  feet  ua 
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5-14.  Sulphated  waters  are  struck  at  the  top  of  the  rock  in.  sees. 
^  17,  18,  and  20  at  about  30  feet.  In  sec.  19  a  fair  water  was 
i:;&ined  at  16  feet,  but  a  well  45  feet  deep  was  too  highly  mineral- 
id.  In  the  southern  half  of  the  township  wells  in  the  drift  are  not 
ry  reliable,  and  in  several  sections  wells  have  been  sunk  to  the 
iunshall  sandstone.  There  are  springs  on  the  banks  of  the  Pinnebog 
sec.  26  and  some  dug  wells  18  to  30  feet  in  depth.     In  sec.  33  is  a 

I  ridge  flanked  by  gravel,  in  which  very  shallow  wells  are  sometimes 
>tained. 

MSABE  T0WH8HIF. 

In  Meade  Township  (T.  17  N.,  R.  12  E.)  the  Upper  Marshall  sand- 

Kne  is  usually  drawn  upon  and  bed  rock  is  sometimes  practically  at 
}  surface.  A  series  of  sand  and  gravel  ridges,  which  afford  surface 
liter,  traverses  the  township  from  the  southwest  to  the  northeast 
Imiers. 

UHCOLH  T0WK8HIP. 

^  In  Lincoln  Township  (T.  17  N.,  R.  13  E.)  there  are  a  number  of 
liallow  wells  in  gravel  beneath  blue  clay.     Those  at  Kinde  run  from 

II  to  20  feet  deep.  Rock  is  struck  in  sec.  19  at  37  feet  and  in  sec.  20 
A  50  feet.  In  the  northern  part  of  sec.  22  a  well  21.5  feet  deep  has 
Fater  which  comes  from  sand  under  the  clay  within  a  foot  of  the 
urface.  The  well  apparently  has  iron  and  organic  matter  derived 
rom  the  marsh. 

BL00M7IELD  T0WK8HIF. 

In  Bloomfield  Township  (T.  17  N.,  R.  14  E.)  the  Lower  Marshall 
andstone  is  struck  at  from  11  to  30  feet,  though  in  sees.  20  and  22  the 
listance  to  rock  is  40  feet  or  more. 

RUBICON  T0WH8HIF. 

Rubicon  Township  (T.  17,  R.  15  E.)  is  traversed  diagonally  by 
leveral  sand  ridges  parallel  to  the  lake  shore,  which  furnish  surface 
vater  at  a  depth  of  about  12  feet.  The  drift  beneath  is  largely  clay 
rith  a  scanty  jdeld  of  water,  and  the  wells  which  enter  rock  are  liable 
to  obtain  salty  water. 

LAKE  T0WK8HIF. 

In  Lake  Township  (T.  18  N.,  R.  1 1  E.)  is  a  heavy  belt  of  dune  sand 
bordering  the  shore  behind,  which  is  a  swampy  area  from  which  the 
surface  rises  back  from  the  lake.  Sandstone  is  very  probably  not 
very  far  down,  though  in  sec.  26  the  distance  to  rock  is  40  feet.  In 
sec.  32  are  pits  that  suggest  the  presence  of  cavernous  limestone  or 
gypsum. 
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HUllS  T0WK8HIP. 

In  Hume  Township  (T.  18  N.,  R.  12  E.)  the  shore-sand  belt  i 
general  conditions  are  much  as  in  Lake  Township.  The  drift  in  pli 
is  but  5  to  7  feet,  though  in  sec.  13  it  reaches  32  feet.  The  only^ 
that  reports  anything  but  clay  before  reaching  bed  rock  is  on  sec. 
It  strikes  quicksand  or  silt  at  12  to  14  feet.  On  sec.  28  is  a  floi 
well  bored  40  feet.  The  distance  to  rock  in  sec.  31  is  30  feet 
about  the  same  in  sec.  35. 

DWIOHT  T0WH8HIP. 

In  Dwight  Township  (T.  18  N.,  R.  13  E.)  sandstone  is  in  p\m 
the  surface,  and  numerous  wells  are  obtained  from  it  at  a  dept 
20  feet  or  less  A  flowing  well  on  sec.  8  is  100  feet  deep  with  a  he 
1  foot,  the  ground  being  10  or  15  feet  above  the  neighboring  str 
Aside  from  the  sand  ridges  the  drift  is  generally  a  blue  clay,  th< 
on  sec.  35  a  well  is  said  to  have  passed  through  20  feet  of  coarse  gi 
above  the  clay. 

HUBOH  TOWHBHIF. 

In  Huron  Township  (T.  18  N.,  R.  14  E.)  are  numerous  wells  ii 
enter  rock  at  depths  ranging  from  3  feet  to  40  feet;  usually  the; 
said  to  be  through  clay.  In  sees.  18,  19,  and  30  wells  are  obtains 
gravel  or  sand  just  above  the  rock  at  depths  of  about  25  feet.  A 
the  Lake  Huron  shore  there  is  a  strip  of  country  about  2  miles  i 
where  shale  is  penetrated  immediately  below  the  drift  and  jaelds 
water  in  scanty  amount. 

GOBE  T0WK8HIP. 

In  Gore  Township  (T.  18  N.,  R.  15  E.)  the  rock  water  is  like! 
be  somewhat  salty  and  the  supply  from  the  drift  scanty,  since 
latter  is  largely  clay.  The  best  chance  for  water  is  at  the  jun( 
of  the  drift  and  rock  at  26  to  30  feet. 

PORT  AUSTIK  T0WH8HIP. 

In  Port  Austin  Township  (T.  19  N.,  Rs.  12  and  13  E.)  rock  is  usi 
struck  within  12  to  22  feet  of  the  surface.     In  the  village  of  Port . 
tin  the  shallow  wells  penetrate  clay  about  10  feet  and  gravel  3 
obtaining  water  at  the  top  of  the  rock. 
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^^#^XER    SUPPLIES   OF    THE    NORTHWEST     BORDER 

OF  SAGINAW  BAY. 

By  W.  M.  Gregory. 

i-  GEXERAL.  STATEMENT. 

jHiere  is  a  gradual  rise  from  the  shore  of  Saginaw  Bay  northwest- 

wd  across  Arenac  and  Iosco  counties  to  the  upper  limits  of  the 

)pcial  lakes  that  once  covered  the  region  to  an  altitude  about  800 

ft  above  tide  (PI.  IV).     The  lake  plain  is  in  places  sand  covered  and 

en.     Clayey  portions  are  rapidly  becoming  settled.     In  north- 

^  Iosco  County  there  is  a  large  sand  plain  standing  100  to  150  feet 

the  valley  of  Au  Sable  River,  in  which  the  water  table  is  prob- 

nearly  as  low  as  the  stream,  but  as  the  country  is  unsettled  no 

have  been  made  in  it,  except  along  the  borders.     On  the  clay 

wells  are  ordinarily  obtained  at  less  than  50  feet  and  often  at 

10  to  20  feet. 

WATERWORKS. 

jJS'aterworks  are  in  operation  at  Au  Sable,  Oscoda,  and  East  Tawas, 
draw  their  supply  from  Lake  Huron.     At  Standish  is  a  water- 
plant  used  chiefly  for  fire  protection,  which  draws  from  wells 
a  small  creek. 

FLOWING  WELLS. 

LOCAnOH. 

In  the  belt  of  lowland  bordering  Saginaw  Bay  from  Pinconning  to 

Tawas  flowing  wells  are  numerous.     Some  of  these  are  from  the 

,  but  the  larger  number  are  from  the  rock.     There  are  also  deep 

drilled  for  brine  some  years  ago  when  the  sawmills  had  plenty 

f  fuel  for  the  manufacture  of  salt.     These  are  located  at  East  Tawas, 

Pawas,  Harmon,  Augres,  Standish,  and  Pinconning.     At  East  Tawas 

ae  of  the  brine  wells  flowed.     At  Tawas  after  plugging  the  wells  and 

%wmg  the  upper  part  of  the  casing,  thus  allowing  water  from  higher 

irels  to  enter,  flows  have  been  obtained  in  wells  in  which  the  brine 

only  to  30  feet  below  the  surface. 
There  is  another  flowing-well  belt  rumiing  nearly  parallel  with  the 
^mne  just  mentioned,  from  Mount  Pleasant,  Isabella  County,  to  Rose 
fCity,  Ogemaw  County.  The  district  lying  between  the  two  belts 
[ias  occasional  flowing  wells,  usually  along  stream  valleys,  but  gen- 
ferally  no  flows  can  be  expected,  and  in  places  water  is  difficult  to 
obtain.  The  western  flowing-well  belt  is  discussed  on  pages  92-115, 
the  present  discussion  being  confined  to  the  belt  bordering  Saginaw 
Bay  and  the  district  with  few  flows  lying  back  of  it. 
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The  flowing  wells  are  most  numerous  at  three  villages  in  the  1 
bordering  Saginaw  Bay,  namely,  Pinconning,  Twining,  and  lh% 
the  remainder  being  scattered  or  in  small  groups.     Data  conc^rmn 
them  are  assembled  in  the  table  on  the  next  page. 
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FiQ.  54.— Map  of  Pinconning,  Bay  County,  showing  diatiibution  of  flowing  wella. 
PINCOlfNIHG. 

General  conditions  in  the  vicinity  of  Pinconning  are  described  under 
the  discussion  of  Bay  County,  by  W.  F.  Cooper.  The  detailed  data 
in  the  table  were  collected  by  the  writer  in  connection  with  other 
flowing-well  districts  bordering  Saginaw  Bay. 
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he  diameter  of  each  of  these  wells  is  2  inches.  There  are  six  other 
ing  wells  concerning  which  no  data  could  be  obtained  owned  by 
tor  Grosjean,  Peter  Collie,  M.  Doan,  A.  W.  Fisk,  J.  Morris,  and 
Q  Francis,  respectfully. 

TWLNJJIG. 

he  water  supply  of  the  village  of  Twining  in  Arenac  County  is  from 
I  wells,  and  the  neighboring  villages  of  Standish,Omer,  Augres,  and 
ner  (PL  V,  A)  have  a  like  source  of  supply.  In  Twining  the  largest 
iber  of  village  wells  have  been  developed,  but  there  are  many 
e  wells  scattered  over  Arenac,  Iosco,  and  Bay  counties.  In  Twin- 
the  rock  is  covered  by  12  to  20  feet  of  drift,  which  is  largely  clay 
1  bowlders  of  limestone  and  gypsum  from  the  Michigan  formation, 
3h  is  the  bed  rock  of  the  region,  outcropping  at  Alabaster  and  Har- 
i  on  the  shore  of  Lake  Huron. 

Tater  is  never  obtained  from  the  gypsum  beds  in  the  Michigan 
nation  except  in  a  few  cases  where  crevices  allow  a  small  amount 
►ercolating  water.  Where  the  gypsum  beds  are  near  the  surface 
:  holes  are  frequently  found  in  places  where  the  water  has  dissolved 
»nsiderable  passageway,  a  few  being  found  southwest  of  Alabaster. 
eath  the  larger  gypsum  beds  are  the  sandstone  and  limestone  beds 
vhich  the  smaller  seams  of  gypsum  are  frequently  entirely  dis- 
ced, and  when  these  beds  arc  opened  by  drilling  through  tlie  gyp- 
i  plenty  of  water  is  found. 

n  the  village  limits  the  water  supply  is  from  thirty  rock  wells  which 
^e  been  drilled  within  the  last  twelve  years  and  have  Ucew  (IovhVcv^ 
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uninterruptedly  since  they  were  made.  A  slight  decrease  in  voli 
during  the  summer  montlis  has  been  observed  by  some  of  the 
owners.  The  supply  derived  from  these  wells  is  valuable,  and 
wells  should  bo  carefully  piped  and  properly  controlled  so  that 
unnecessary  waste  of  the  water  would  result,  as  it  might  cause  pen 
nent  loss  of  head  and  volume. 

It  is  necessary  to  case  each  well  down  to  the  rock  to  shut  out ; 
bitter  water  which  collects  above  the  rock.     The  presence  of  this  I 
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Fir,.  "(.'•».— Map  «»f  Twiiiinc,  Arotmr  County,  sliowinjf  distribution  of  flowing  wella. 

ter  Will  or  in  tlio  drift  often  renders  the  supply  from  this  source  us< 
for  stock  and  unfit  for  domestic  purposes.  The  rock  wells  affor 
abundant  and  suitable^  supply  for  all  purposes,  and  failures  to  ol 
a  flow  have  seldom  occurred  wlien  the  drilling  was  properly  done. 
presence  of  sulphates  in  the  water  gives  rise  to  dei)osits  of  calcium 
|)hate  which  tend  to  choke  the  pipe  and  decrease  the  flowage,  but 
is  not  general  enough  to  seriously  interfere  with  the  supply.     The 
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J. -LARGE  FLOWING  WELL  FROM  ROCK,  TURNER,  ARENAC  COUNTY. 
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rillinj;:  averages  about  $0.75  a  foot,  wliich  is  cheap  for  wells  in  the 

c,  hut  higher  than  the  price  usually  paid  for  obtaining  flows  from 

drift. 

he  large^st  flow  is  25  gallons  a  minute  from  a  well  (No.  0  of  table) 

:he  mill  property  of  T.  MacCrady.     The  flow  of  some  of  the  wells 

ies  at  different  times  of  the  year.     For  instance,  Mr.  T.  Readers 

I  (Xo.  14)  ceased  to  flow  during  a  drought  in  July  and  August, 
4,  while  at  the  time  of  the  writer's  visit,  which  was  four  days  after 
close  of  a  week  of  heavy  rainfall,  there  was  a  flow  of  0.8  gallon  a 
lute.  Mr.  F.  L.  Twining  has  had  the  same  experience  with  a  well 
K  .">)  which  flows  much  stronger  in  the  spring  and  late  in  the  fall 

shows  a  noticeable  increase  several  days  after  a  period  of  i)ro- 
^ed  rain.  In  July,  1003,  Mr.  Twining's  well  at  the  store  (No.  5) 
/od  10  gallons  a  minute,  wliile  in  July,  1904,  its  flow  was  very  small 

a  j)ump  was  required.  A  number  of  other  wells  have  shown  a 
dency  to  decrease.  At  the  Hotel  Normal  in  July,  1903,  the  well 
[  a  flow  of  3  gallons  a  minute,  while  in  July,  1904,  the  water  level 
;  2  feet  below  the  surface.     That  several  of  the  wells  have  a  com- 

II  supply  is  shown  by  the  decrease  in  the  flow  of  wells  Nos.  2,  3,  and 
vhen  in  May,  1903,  well  No.  6  was  allowed  to  flow  for  tliree  days. 
July,  1903,  Mr.  George  Dillon's  well  (No.  16)  flowed  nearly  10  gal- 
s  a  minute,  but  in  July,  1904,  the  flow  was  very  small  and  varied 
in  day  to  day,  its  variations  dej)ending  on  the  rainfall,  according  to 
•se  who  had  observed  it  carefully.     The  flow  differs  somewhat  with 

clijiracter  of  the  rock  in  which  the  well  is  drilled.  Tf  it  is  largely 
(Istone,  the  supply  is  more  uniform  than  where  the  beds  contain 
Lsiderable  gypsum.  In  the  latter  case  the  water  follows  dissolved 
.sages  from  the  surface  and  fre(iuently  brings  to  the  well  silt  and 
nt  remains  after  heavy  rains. 

"he  shallow  wells  which  are  deep  enough  to  meet  ordinary  domestic 
ds  furnish  water  high  in  sulphates  and  carbonates  and  are  often 
te  bitter  when  from  near  the  top  of  the  rock.  Of  the  wells  which 
V  from  the  rock,  the  water  highest  in  sulphates  and  carbonates 
lies  from  wells  Nos.  1  and  9.  In  the  latter  the  water  was  mixed 
h  surface  water  for  use  in  steaming,  but  has  been  discarded 
ause  of  trouble  with  boiler  scale.     In  Mr.  J.  W.  Jaynes's  well  (Xo. 

the  water  is  so  soft  that  it  is  used  for  laundry  purposes  without 
litioii  of  the  softening  compounds  that  are  necessary  with  much  of 
!  water  in  this  region. 

IBR  li!!3— ^KJ 19 
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a  Well  not  flowing  in  July,  1904:  flow  in  July.  1903,  3  gallons  a  minute;  water  high  in  sulphi 

6  Flow  about  2  gallons  a 'minute  in  July,  1903;  no  flow  In  July,  1904. 

c  Discharge  of  wells  2  and  3  dt^creased  by  well  7.    Rock  (bluish  shale  and  gypsum)  at  11  fee 

d  Blue  shale  at  14  to  10  feet;  then  thin  Iwd  of  gvpsum;  at  bottom  thin  bed  of  sandstone, 
flow  was  made,  the  flow  of  woUs  Nos.  1,  5,  21.  and  17  increased. 

«  Wat«»r  us<»d  in  a  larg(»  butter  room  for  cooling  purposes.  Mr.  Twining  sajra  the  large  per 
mineral  salts  in  the  water  improves  the  quality  or  the  butter.  This  well  flowed  10  gallons  a 
1903;  in  1904  only  1  quart  n  minute.  Much  stronger  in  spring  and  late  in  fall;  some  increase  afl 
davs  of  heavv  rain. 

/  Ui  fe«a  to  rock.  Well  controlled  by  check  valves.  In  May,  1903,  was  opened  and  allowed  1 
thnx*  duy.s,  lowering  the  head  of  Nos,  2,  3.  and  5. 

pRockat  23  Un^t;  water  from  In^neath  a  shale. 

h  In  hi03  good  flow;  decn^ased  by  well  No.  11;  drift  10  feet. 

i  Too  hard  for  boiler  use.  High  tempemture  of  water  caused  by  boilers  located  near  well. 
gynsum;  head  lowen»d  by  No.  11. 

/  Flow  decreased  soon  after  No.  7  was  drilled.    Allowed  to  flow  freely  for  a  few  hours. 

*  Drift,  12  fivt;  blue  shiile,  5  f'-et;  gvpsum,  5  fwt;  shale,  5  fwt;  gypsum,  3  feet;  sandstone  1 

0  f«H't. 

I  K<x*k  at  13  feet  (gypsum  and  shale);  water  in  sandstone. 
m  Flow  decrejised  l/y  well  No.  10  on  Georgia  Dillon's  lot. 

»  The  flow  of  this  well  ci^ased  during  the  dr«>URht  in  June  and  July,  1904.    At  the  time  of  tl 
visit,  four  days  after  a  week  of  heavy  rainfall,  the  w(41  was  flowing  about  8  gallons  a  minute 
o  Rock  at  17  feet  (sandy  shale  rcK^k).    Water  from  sand  veins  at  19.  24,  30,  and  42  feet. 
p  Flow  decreased  since  1903;  it  was  then  nearly  10  gallons  a  minute;  rock  at  21  feet. 

TAWA8. 

Tliis  area  of  flowing  wells  occupies  nearly  1  square  mile 
shore  of  Saginaw  Bay  in  Tawas,  the  county  seat  of  Iosco  Coun 
56).  Two  miles  west  of  Tawas  there  is  a  low  moraine  w^hicl 
catchment  slope  of  some  of  the  wells.  At  East  Tawas,  1  mile 
east,  flows  can  not  be  obtained,  although  water  rises  just  to  t 
face  in  some  wells  near  the  lake  shore.  To  the  north  and  i 
Taw^as  flows  are  obtained  on  the  plain  between  the  town  a 
moraine. 
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irea  rock  outcrops  are  entirely  absent,  but  the  first  or  upper 
ition  is  known,  from  the  records  of  the  deep  brine  welk,  to 
le  base  of  the  Michigan  formation  and  top  of  the  Marshall 
The  sandstone  jrields  abundant  water  when  penetrated 
to  the  southwest,  and  possibly  part  of  the  supply  for  the 
may  be  derived  from  tHe  same  source.     The  Marshall  sand- 


FiQ.  5<).— Map  of  Tawas  flowing-woU  district,  Iosco  County. 

to  the  southwost  from  Tawas,  and  5  miles  south,  at  a  test 
le  quarry  at  Alabaster,  it  was  reached  at  90  feet  and  water 
he  sandstone  with  sufficient  head  to  fill  the  shaft, 
■t  at  East  Tawas  and  Tawas  is  80  to  120  feet  in  thicknesa. 
^ched  at  S4  feci  in  Frank  Black's  weW  m¥;*«iS\.'^^^N^^,^^^ 
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in  tho  same  place  on  the  property  of  the  Michigan  Brine  Works  rock 
is  100  feet  from  the  surface.  In  Tawas  the  Wenona  Salt  and  Lumber 
Company  struck  rock  at  100  feet,  and  at  the  Bayside  Hotel  rockww 
found  at  120  feet.  In  a  cut  on  Dead  Creek,  in  the  western  part  of 
this  village,  is  a  hard  compact  clay  containing  minute  shells,  such  as 
inhabit  the  lake,  and  some  driftwood,  overlain  \vith  15  feet  of  lab 
sand  and  gravel.  In  several  wells  driftwood  has  been  encountered 
at  50  to  75  feet.  The  drift  material  is  not  generally  wat^r  bearing 
except  at  bottom  where  sand  and  gravel  are  found  in  thin  layem 
The  wells  are  usually  drilled  by  contract  for  a  flow%  the  price  averag- 
ing from  $40  to  $70,  while  some  of  the  test  wells  which  penetrate  the 
rock  some  distance  are  made  for  $1  a  foot  \\4thout  the  pipe. 

The  total  flow  of  43  wells  at  Tawas  is  137.3  gallons  a  minute.  The 
strongest  flow  is  from  a  well  on  the  Blust  estate  (No.  34),  which  yields 
19.3  gallons  a  minute.  The  flow  is  decreased  in  some  cases  by  the 
?scapo  of  the  water  at  a  lower  level,  owing  to  corrosion  of  the  pipes, 
while  in  other  cases  wells  on  lower  ground  have  checked  flows 
on  liigher  ground.  It  is  thought  that  the  former  is  the  cause  of  the 
decrease  in  flow  of  Joseph  Minor's  w^ell,  though  possibly  it  may  be 
drained  by  well  No.  22  on  the  property  of  Mr.  Davidson.  The  weBs 
recpiire  frequent  sand  pumping  and  removal  of  the  deposits  inside  the 
pi[>es.  The  Phelan  well  (Xo.  26)  and  German  Lutheran  Church 
well  (No.  41)  ceased  to  flow  in  the  fall  of  1903;  after  being  sand 
pumpcnl  and  cleaned,  the  flow  returned  to  about  the  amount  when  the 
well  was  drilled.  The  wells  which  do  not  yield  water  readily  are 
increased  by  a  small  blast  of  dynamite  at  the  bottom.  A  greater 
flow  in  these  wells  following  a  [)rolonged  season  of  rain  is  reported  by 
some  well  owners,  but  not  verified. 

Th(»  (|uality  of  the  water  varies  considerably  with  the  depth  of  the 
well.  It  is  common  to  find  a  soft  water  at  a  greater  depth  and  evi- 
dently near  the  rock  surface.  The  water  in  most  wells  over  90  feet  in 
depth  is  soft,  but  in  those  less  than  90  feet  is  usually  hard  and  in  some 
cases  is  so  high  in  sulphates  that  it  is  imfit  for  domestic  purposes,  as 
at  Grice's  blacksmith  shop  (No.  11)  and  on  the  Blust  estate.  Fol- 
lowing are  analyses  of  water  from  some  of  the  wells: 

Anabjsifi  of  waU  r  from  wdU  in  Tawas. 

[l*art>  jxT  million.] 


Sulphates 273      I  273  '         S8 

ilardiiess fiUi      I  536  1        321.rt 

Mapnf  sia M  iieh. 


('arl)onatos 1S<)  140,        19t) 

Chloridos 17:i.4|  120,  Sl.») 


522 
Mm*- 


1.  Baysido  Hotel.    2.  Blust  estate.    3.  Gorman  Lutheran  ChuR-h.    4.  Orice's  blacksmith  shop- 
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«rells  have  been  drilled  rather  uniformly  throughout  the  village, 
,  little  deeper  in  the  eastern  than  in  the  western  part,  where 
s  reached  at  a  higher  altitude.  The  wells  in  the  western  part 
n  70  to  80  feet  in  depth,  and  supply  a  harder  water  than  that  of 
per  bed,  indicating  a  different  source  of  supply.  An  examina- 
the  above  analyses  and  tests  of  several  waters  for  hardness 
water  bed  supplying  a  hard  water,  beneath  which  is  a  bed  sup- 
a  softer  water.  The  well  owners  are  acquainted  with  these 
om  the  use  of  the  water  for  laundry  purposes.  The  lower  bed 
red  to  be  supplied  by  water  forced  upward  into  the  gravel  and 
3ni  the  underlying  bed  rock  of  the  Michigan  formation,  which 
'  localities  supplies  a  soft  water.  Mr.  Van  Way,  owner  of  Bay- 
)tel,  gives  the  following  record  of  well  No.  10: 

Heconl  of  Bay  side  Hotel  iveU,  Tauxis. 


j  Thickness. 


TotHl. 


;rHvcl 

clay 

'ravel,  some  wator,  flow. 
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5  ! 
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25  , 
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Record  of  DavidHon  flowing  well,  Tawas. 
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Thickness, , 
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Feet. 
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10 

50  ' 

60 

10 

70 

10  i 

m 

^lilbirth,  a  well  driller,  gives  the  following  record  for  a  flowing 
o.  29)  on  the  property  of  G.  A.  Prescott: 

Recortl  of  Pns(")tt  inll,  Tawds. 
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Wells  at  Towas. 
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(iOO  114 

rm  !    So 

->S9  :     95 


rt'M) 

.588 


\V.  D.  Wingrove. .'  587 
(I.  II.  Ke<lhea<l...    591 


City  public  whool.  594 

Lutheran    school  592 
(Kcv.VVuggar.er). 

F.  Ballotman 58D 


Chaa.  Zurpk 588 

F.  W.  Schlwht...  585 

Joseph  Minor 58« 

Steve  Kliah 587 

Mr.  Bolt 588 


90  j 
112  I 


Feet. 
486 
50('» 

Feet 

'm2' 

Oal* 
1.2 
.4 

fm 

486 

572 

443 

1.5 

492 
497 
475 
502 
459 

■594" 

.4 

1.2 
2 
6 
2 

508 

!m 

4 

496 

.'V89 

.4 

50 


Quality. 


Remarks. 


501  I  594 
504 


490     595 


490 
500 
502 
2  1  491 
2  I  506  ■ 


2  I  5a5    1 


2 ;  503  ;  6 

2  !  ."i05     .'i90  ;  0 
2  I  495    !  6 


2  !  490  ■  604  '  4 

2  ;  rios  :  610    8 

2  '  4.S(i    5 

2  .')05    I 

Ij  494    4 


2  ;  520 
I 

3  '  52S 
2  ,  '.05 

I 

2  ;  5.31 

2  ;  503 

I 

2  '  .'i02 


3     518 


90  I  2 

73  I  2 

75  I  2 

87  !  2 

104  >  2 


502  I  602  :  9 
477  ! :  3 


49 


1      I  49  i 

.5  1 49 ; 

.9  I  49  ; 

.5  '  50  ' 

1       ;  49; 

U      I  49  ! 

.5  ;  50  j 

1.5  i  49  ; 


Soft I  Flow  has  deercaMd. 

do '  Flow  from  under  ckjr  h«d:  4> 

I     cnMi.scd. 

do Crock  well,  drilled  in  bottfl* 

do I  Bock  at  01^  t««i;  Htm  at  mIh( 

I      pojxip  WfiL 

....do I  Sandstone  at    3i  fert:  Vm 

I     Phah^at    4^(i^t, 

do Domestic  use;  extf  ll«il  T»tet 

do ! 

'  Domestic  use. 

!         Do. 

Haiti i  Said  to  reach  rock*l  IflOfc* 

cased.  40  feet:  doci«a«d; 
!      phates  present. 
No  change  in  flov: 

present. 
Made  in    1897;    oosl  l»;  *- 

creased. 
Much  US^  chbiid^-. 
Nilt  «i'i>tl:  flowi  from  oppr 
bc-1*;  roekallCflfwt. 
Some  <*Oj  \iTvi^rnt 
Trace  ot  tudiihAl^^A, 


..do.... I 

i 

..do....! 


.do... 


Soft.. 

do 

Hard. 


Soft.. 
Hard. 


48  1 

i  48 ; 

i  48  ! 
481 


Hard  sul- 
phates. 


&ume  chJcnidi?!s,  linft  <rf  «*• 
Domestic  use. 


Drinking. 


Sand.  10feot:day,»f«t:biri- 
pan.  10  feet;  gnivel.  W  W, 
i      water  from  gravel. 

Hard I  Muddy  liefore  storms. 

'  Water  just  at  surface. 


Soft I  Made  in  1890;  mm  <i«<'»** 

I      tiH  n  1  «■  ^  1 1-  r  A 1 7ivtrtL4  veJD- 
I  v..  r..ck;  clay*  *><«!.  hanlV*i 

SO  htn:  gjnycL6feet:»»^**' 

to  flow. 


49  I 

47  ! 

48  '■ 
47  . 
48 


Hard 

do... 


.3.5     49 


598    19.  3      48  ' 
....    0         48 


See  section  (p.  277). 

Tti.'i  rT|.-:    snrin^  rh]ori(ic^  pf^ 

tTit.  >-ii1f'l.:»rr-  -tmnjr.  ^ 

S iipplir^  u  iA  Ml  i  In  > ;  I  nw^rtf  ^ 

..do Sul[ihkiei»  i>re»iit.  ^ 

. .do . . . . '  Sjtnd ,  12 fe^i :  dflv , 50 S^;m^ 
and  g m ¥cl >  ^  h*( . 


do... 

do... 


Hard... 
do.. 


Soft . 


498  !  596  ;  1.5     48 

512  I I  3         47 

511  : 

500  ,  597  ,  3         48 
484  ' '  2      ;  48 


!  Siilfihd  tf'fl  strung. 

j  A  flfcet  k1  I  j  y  N  i>^  U ;  w  hvii  i**  ^ 

I      wji»  piiU'tHl  weJi  stoppudd** 

iiJg, 
]  @iiliiliat»  prwupiil.  ^_^ 

•   fr  l(  t w  <  h*v  kivl ;  m  «rh  1  mn  m^^ 
I      nnti-;    nnt   grN>d  for  laimda 

I   J)ririkiin=-  rlnwdecreftitti;!!*^ 

i  '  ■  !  '-Hi, 

nboye. 

Sand,  ^.■^  U-^'X:  gravel  <^T' ? 
feet;  Jiand  and  grape),  li^t*' 
iviiter.  JO  fflflt  hard  rUy,  ^ 
fefit;  cvjarse  gravel    fnt^ 

i I anl . ". '.'.'.  \  >omp-itici  w^  lt>r  2  tamilSw- 

Df'tn^flod;  nciflnwat  pn*«i'^- 

Soft M Jidp  in  TS97;tio  decrease. 

do Tiomfjstlc  use. 


.do.... 


.do 
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WtOs  at  TaiMM— CoDtiDued. 


1               Owner^ 

1? 

o 

1 

43 

1 

5 

si 

II 

1 

Qoallty. 

Hetiiarka. 

Mr.  M&loDd  <«st 
ol  town), 

,      If.  MurphT 

of  town). 

588 

101 

5 

a 

/*f«/. 

2 

17 

H»ni 

Soft. 

aaad ,  1  *  feet  [  cJay ,  40  f ppt ;  hard- 
pan,  h  IwXr,  grard  mod  auulj  B 

B;a1wD. 

Uigh  Id  flulphatM. 

Yfdls  in  region  north  of  Tauxu. 


s 

Owatt, 

1 

a 

1 

II 

1 
1 

1 

a 

1 

r- 

Frft. 

nfflnttrlca. 

Andrew  Arnolds . 
Mik>St«vejw. ..,, 
C.  K™g«r ..,. 

August  i*t£e.,,.. 
Ctiaa.  Gr«ii ^ 

August  CoIbbt,,., 

Joka  JicMuJltn... 
Oeonzp  SlmiDS,... 
J.JCnier 

64a 

MO 

«a 

m 

eao 
m 

703 
005 

m 

1* 

* 

3 

Ill 
IfiT 
40 
3S 
S& 

m 

40 

m 

§3 

flO 

ia 
as 

00 

7& 
201 

7S 
110 
1U 

«g 

eo 

100 
14& 

44$ 
fi05 

R» 
587 
,'570 
5*1 

ma 

471 
37fl 
612 

a» 
58a 

i^ 

aw 

43S 

era 

as 

,5 

Hard.. 
...do.. 

Wat^rbedatl&SlMt. 
Funip  well 

J> 

MO 

B 

Do. 

F 

Do* 

G 

t)o. 

t 

J 
K 

044 
fi§5 

1.8 

a.  5 

3 

Hard.. 

57 
82 
7S 

All  rUy;  made  In  IW3, 

Wat<?r  at  50  and  60  tect. 

Pump  well. 

Made  in  IWB. 

Pump  wdl. 

Pump  wHl:  moitly  sa.nd, 

Waterftt4^)and«ifi>et. 

Clay  52  foat;  caeed  TO  ImL 

M 

JoTin  Sell  richer..., 

Andrew  Franks,..! 

Philip  Ijind  Co... 

Henry  Gondftic* 
1  Mr.  Sutlivao...... 

Mr.  PUr»cm 

•  Scbool  house 

W.  Arn«« ,„.^ 

07S 

3 

...4.,^,, 

83 

O 

m 

1 

..a 

1.3 

Sftit'l! 

70 

40 
01 

T 

Mr.  Gray... 

Pump  w«th  domestic  use. 

Through  day;  no  water. 
Wat^r  Ju*t  to  flurtaoe. 

V 

!  Mr.Boblo^n.,,. 

John  GnLut 

Mr.  Black  (Tftwa* 

Bftlt  well 

50 

W 

S3 

X 

..-,-.., 

Y 

Chaa,  CoDiclin.,.. 

S15 

3 

IM 

501 ; 

■"""■" 

M 

No  flow. 

, , 

o  Flow  estimated  by  driller. 
MI8CELLAKE0U8   WELLS. 
Scattered  vxlU  {mainly  floiving)  on  the  northu^est  border  of  Saginaw  Bay. a 


> 

H 

§ 

U 

E 
a 

1 

Owner. 

i 

1 

Depth. 

Elevation  of  water 
bed. 

Mi 
1  rl 

Quality. 

Remarks. 

I 

E.Sack 

Feet. 
615 

Feet.  1  Feet. 

FfeLQala.'^F.^ 
ons Hard...    Pump  well. 

2 
3 

Bradley  farm 

E.  Butler  

590 
592 

105  ,     4«5 

60        FCV> 

fm  i    l.ft     49  1 Rock  at  30  feet. 

^ ^        A*     48J    Hard...    Domestic  and  stock. 

4 

Primary        school, 
^Standfish. 
High  school,  Stand- 
^ish. 

Court-house,  Stand- 
ish. 

626  1      .50  i     576 
626  ;     230       .396 
626  ,     258  ■     3<)8 

, ! 

Just  flows;  high  in  sulphates. 

5 

5,32       1         48 

4K 

Not  flowing  now. 

Flowed  in   1893;  not  flowing 

6 

1            1            1            1            1 

now. 

^^•The  diameter  of  all  the  wells  is  2  inches  except  the  following:   Omer  village,  1)  Inches;  August 
'**<iour,  3  inches;  James  Daley,  li  incbofii  S.  Knight,  1  inch. 
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22 
23 
24 
25 
20  , 
27  I 
2S  . 
2«* 

3t) 

31   I 

32 

aj 

34 
35 
'^y 
37 
3S 
,'W 
4() 

41 

42 

43 

44 

45 

4r, 

47 

4s  : 

49  \ 


Owner. 


i 
Feet. 

A.  Foraythc 628 

8  M.  M.  Milling  Co....  ()25 

9  Jaiiwa  Noni's  mill...  626 

10  J.  Larch 501 

11  F.  Menror 610 

12  Omt*r  villagi' 61 

13  H.  Ullman 604 

14  W.  Muckin WW 

15  :  J.  Ryhtnd 4i01 

16  .  Mr.  brndloy 586 

17  August  Badour SWi 

18  E.  C.  Cole's  ston' ...  587 


19  F.  D.  Nogglo 

20  Goo.  Q  riniore 

21  E.C.Cole 


\Vm.  Fivnch 

Harmon  salt  well . 

Mrs.  IVggel 

Ed  Mosher 

J.  Pollock 

J.  McCn'ady 

J.  Pcilock  (harm.. 
Mr.  Swartz 


Mr.  Rrude.... 
Mr.  Cain[)lM'IL 


J.  Barr 

W.  AiR<'ns 

H.  Newman 

Mr.  Eymer 

Public  school. Turner 

S.  Chun'hill 

J.Cluk.'y 

Village  vv«'!I.  Tunwr. 
Voung  Hros 


M.  SielM-ck. 


S.  H.  Drver 

T.  Api»lin 

J.  Ili'iirv 

11.  M((;ra(ly 

N.  JohiisfMi 

Enierv        .1  unci  ion 

llot'el. 
J.  Curtiss 


Cioorge  Koyl. 
.lames  DaU-y. 


53  I  Chas.  Jones. 


EeniBrii. 


revs 

(wV) 
(>4() 

♦as 
r.42 

(OS 


Philip  Kosi-nthall...     r.4<) 
Sam.  Kosenthall 


r.4() 
(.40 
r)7() 

«i21» 

«)4n 


rxs 


54 

N.  Knight 

7« 

4fi 

m\ 

W 

.Tas,  Thompson 

TO* 

im 

mi 

56 
57 

RolM^rt  Oarner 

OI«l  coal  shaft 

61 » 
700 

n 

lOct 

540 
054 

5S 

Black's  test  well.... 

»A 

las 

460 

2S 
25 
140 
10,5 
130 
10 
3no 
300 


li» 

'i:*) 

115 

3,'.0 

1.30 

40 


40 

100  : 


610 
625 
500 
.533 
512 
«i2S 
325 
ai") 


625 

Hard... 

Bitter: 

hard. 

1^1 

Hard... 

il'u, 

2.5     49    ...do.... 

1.1    ....  ...do.... 

'-".-' 

1.8     49    ...do.... 

3 

IV40      12 


To!}       2. 3 
♦i5s       2. 5 


Bitter  ..: 
Hard... 

iianl."! 

I 
...do....' 

I 
...do....' 


(Ml 
2S() 
4.3,5 
27U 

'm 


i\('i)  

ti45      15 


Hard...| 
Medium.: 

Salt i 

Hard...  I 


770        ISO  ,     .V.H) 


(k5s 


(142       2.  S     4s 


Medium. 
Hard... 


Barnuao;  rotkat  tiL 
Ke^t  boUen. 
Water  tiaA  AaU  and  U 
Rock  at  ^  Iivt. 
R^>ekAt23f#*t;  tuift 
K<:<:k   uX   21   fn-T;  nt 

hdtF|s< 
Rock  at  22  feet. 
Dug  well  in  rock. 
Rock  at  12  to  18  f<^n. 
*umpwell:  rock  at  3 
Formerty  bath  house 
Rock  at  30  feet;  supp 

and  house. 
Just  flows;  dccreasec! 
Rock  at  28  (e«t. 
Rock    at    60    feet;  ] 

house. 
Rock  at  3D  feet. 
Just  flows. 
Rock  at  44  feet. 
Rock  at  8  feet. 
Rock  at  7  feet. 
Rock  at  10  feet. 

Do. 
Rock  at  27  feet;  stop 

inf  in  1904. 
Rock  at  5  feet;  pum] 
Rock  at  14  feet;  pair 

Unflt  for  U9i>;  rock  a 
Pump  well;  rock  at  1 

Rock  at  40  ft>et. 

Rock  at  bottom;  pu 
Rock  at  90  f(>et. 
See  cut;  rock  at  40  f« 
l*urap    well;  stock 

mestic. 
Rock  at  26  feet;  s 

domestic. 
Rock  at   21  feet;    9 

domestic. 
Pump  well;  drift,  g 

clay. 
Pump  well;  dug. 
Rock  at  20  feet;  salt 
Just  to  rock. 
Rock  at  115  feet. 
Rock  at  115  feet;  no 
No  rock;  little  wate 

Rock  at  40  feet;  2-in 
no  flow;  little  wat 

All  clay. 

Brown  clay  20  feet; 
40  feet;  sand  10  f 
pan  30  feet.     Pum 

Hard  clay  14  feet;  i 
water  10  feet;  cla 
sand  and  grave 
Pump  well. 

Clay  14  feet;  remair 
Pump  well. 

Clay  40  feet;  sand  a 
20  feet;  clay  30  1 
and  gravel  75  fee 
well. 

Rook  at  14  feet;  no  : 

Flow  from  top  of  s 
Sand  20  feet;  cla 
nx-k  at  ;«  feet. 

Rock  at  57  fwt;  no  1 
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The  tabulated  data  on  wells  and  villages  and  near  country  post- 
EB.o©«,  presented  below,  were  obtained  chiefly  by  correspondence: 

Village  awpfiies  on  iwiihweai  border  of  Saginaw  Bay. 


Bounce . 

i 

s 

1 

D«pih  of  1^*. 

1 

Ftti. 

so 

14 
ISO 
S5 
U 
15 
40 

SO 

1 

Town. 

^ 

i 

5 

8prtBS>. 

J%1tfp^                   

Jjriwfi  well*. ..... .,.. ^^.^ 

^f<^. 

12 
13 
H 

1«J 

48 

FttL 

u 

16 
35 
H 

35 
40 
30 
30 

-15 
+  2 
+  10 
-  8 
+  & 
-U 

SmaU. 

^^  '■^fllK*. 

rj%,. , 

Do. 

llu|:  fturj  ilriikd  weUd      ..... 

10 

None* 

Bi^lTkidge , 

Opfii  anddrivc'ii  «i>lJ*., ,,... 

f^mAll. 

DriTpn  wdLt. ............,.._,,,.. 

SCoorrA  J  unction 

,„,.do..-- 

Bo, 

On&er            ..,  „.. 

....,do  ..  .....  .... 

so 

70 
40 

Do 

nat  Rivpr 

do 

Bo, 

M^rn^^'Tf 

:::::3o:::::::;;:::::::::::::;::::: 

Do. 

eSadj3f.v.::::::: 

Driven  welle,  and  CTprk  . . .. 

None. 

Btprilse .„, 

Dii vf n  weUfl, 

StnoU. 

^n  8a  bio 

LaIcc'  Uuron  bj  WAtcrsv orIcA .....  . .  ^ . . . 

E^i  TawAn,..,... 

. . .  „di> , -  

^Ak 

Duff  and  driven  veils .  ... .... 

in 

ao 

40 

«> 

-35 

H^. 

OacDtla,  .„-,, 

l-iAJn  ntwtm  bv  wtttemr^jrk* 

«ik*m::::. ::::::: 

Dug  and  diivcii  wella .  , ., \^..._ 

12 

2ft 

60 

40 

33 
00 

-as 

-•20 

Do. 

'W'httuijKiiv , . » 

DriTCRwrtl*...,.... „...,... 

flo 

Do* 

WATER  SUPPLIES  OF  OGEMAW  COUNTY. 
B}'  W.  M.  Gregory. 

GENERAL   STATEMENT.^ 

Ogemaw  County,  of  which  West  Branch  is  the  county  seat,  hes 
east  of  Roscommon  County.     The  elevated  moraine  which  crosses 
the  southeast  part  of  Roscommon  County  continues  northeastward, 
passing  a  httle  east  of  the  center  of  Ogemaw  County,  leaving  the 
county  at  its  northeast  comer.     There  is  an  elevated  gravel  plain  on 
the  northwestern  face  of  this  moraine,  which  at  one  time  was  occu- 
pied by  settlers,  but  has  been  abandoned  because  of  the  failure  of 
crops  in  dry  seasons.     The  distance  to  water  on  this  gravel  plain 
ranges  from  10  to  15  feet  near  the  Roscommon  County  line  to  about 
100  feet  in  the  vicinity  of  the  moraine  from  Beaver  Lake  northeast- 
ward.    On  the  moraine  tliere  are  very  few  residents,  and  the  water 
table  appears  to  he  at  great  deptli,  for  the  drift  is  very  loose  textured. 
Southeast  of  this  large  moraine  are  tlie  flowing-well  districts  of 
Rose  City  and  West  Branch,  wliicli  st  and  in  recesses  in  the  moraine. 
There  is  a  broad  gravel  plain  leading  from  near  Rose  City  and  Lupton 
southward  along  Rifle  River,  wliere  the  water  table  lies  only  a  few 
feet  below  the  surface,  but  in  wliicli  there  are  few  settlers. 


"  Ity  Frank  l.ovorrtt. 
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In  the  eastern  range  of  townships  is  a  fertile  till  tract  with  ga(%  el 
undulating  surface  which  has  as  yet  but  few  settlers.    WeDs  m 
obtained  at  depths  from  20  to  75  feet. 

There  are  exposures  of  rock  along  Rifle  River  in  the  southerri  put 
of  the  county,  but  the  wells,  both  flowing  and  non-flowing,  usuallf 
obtain  thoir  supphes  from  the  drift.  One  well  at  Rose  City  entewl 
the  rock  and  got  only  a  weak  flow.  Others  at  West  Branch  may  hin 
reached  the  rock,  and  two  deep  borings  near  Edwards  Lake  entered 
rock. 

MISC^KLI.ANEOUS  VILLAGK  SUPPLIES. 

At  Prcscott  there  are  wells  ranging  in  depth  from  18  to  75  feet,  ii 
which  the  water  stands  12  to  20  feet  below  the  surface,  coming  froa 
sand  beds  in  the  day.     Both  open  and  bored  wells  are  in  use. 

At  Lupton,  which  stands  in  the  vaUey  of  Rifle  River,  the  wells  aw 
20  to  50  feet  in  depth,  and  are  largely  through  gravel  and  sand. 

At  South  Branch,  in  the  eastern  part  of  the  cotmty,  on  the  inner 
border  of  the  large  moraine,  wells  are  driven  to  depths  of  20  to  30 
feet  and  obtain  abundance  of  water. 

At  Edwards  post-office,  in  the  southwestern  part  of  the  county, 
the  wells  are  from  6  to  50  feet  in  depth,  the  largest  supphes  being 
from  35  to  50  feet.  Dr.  A.  C.  Lane  reports  several  test  borings  for 
coal.  One  at  the  south  side  of  Edwards  Lake  in  sec.  29  struck  sand- 
stone at  205  feet,  and  penetrated  rock  of  various  kinds  for  33 feet. 
Another  near  Chapman  Lake  struck  sandstone  at  190  feet  and  con- 
tinued to  a  depth  of  400  feet.  A  fresh,  soft  water  was  struck  at  202 
feet,  which  had  a  head  of  8  feet.  A  third  well,  214  feet  in  depth, on 
the  east  side  of  (icorge  Lake,  did  not  reach  rock,  but  found  a  flow  of 
fresh,  soft  water  yielding  a  barrel  a  minute. 

Plans  have  been  made  to  install  a  w^aterworks  plant  at  West  Branch 
in  1906,  the  sup])ly  l)eing  taken  from  flowing  weUs  northwest  of  the 
village.  Thcs(*  w(^lls  discharge  into  a  reservoir  from  which  waterwill 
flow  by  gravity  to  tli(^  village,  a  distance  of  about  2  miles.  ] 

I  L<)WIX<;  WKLLS. 

WEST  BRANCH  AREA. 

Location. — The  flowing-well  area  of  which  West  Branch  is  the  cen- 
ter (fig.  57)  embraces  2^  s([uare  miles  cm  the  headwaters  of  the  West 
Branch  of  Rifle  River.  This  district  is  located  in  a  recess  along  tb^ 
eastern  side  of  one  of  the  stronger  moraines  of  the  Saginaw  ice  lobe. 
The  actual  extent  of  the  area,  outside  of  the  above  city  limits,  has 
not  been  determined,  but  it  has  been  traced  north  and  south  along 
the  eiistern  slope  of  the  moraine,  and  may  connect  with  the  well- 
developed  area  at  Rose  City.  An  almost  ccmtinuous  belt  of  springs 
occurs  at  the  edge  of  the  high  liills  between  West  Branch  and  OgemaW 
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ngs  station^  at  which  place  the  principal  spring  flows  about  13 
ons  a  minute.  Part  of  this  water  comes  from  loose  drift  on  top 
he  clay,  while  the  larger  share  is  from  beneath  a  clay  bed  which 

been  opened  by  small  creeks  working  back  into  the  hills.  This 
dition  of  abimdant  springs  is  present  about  the  western  edge  of 

entire  area  and  the  flow  of  water  is  in  proportion  to  the  extent 
b  the  creeks  have  worked  back  their  heads. 

YeUs. — At  present  (August,  1904)  the  number  of  wells  in  the  gen- 
.  district  is  119,  of  which  106  have  fair  flows.     Of  these,  102  flows 

within  the  village  limits  of  West  Branch.  The  wells  are  all  2 
aes  in  diameter  except  Nos.  12,  17,  and  27,  which  are  li  inches. 
V  wells  are  pumped  and  the  flowing  welLs  are  utihzed  very  gen- 
lly  for  stock  farms,  creamerj',  domestic  use,  laundry  purposes,  a 

for  steaming,  and  one  in  a  brewery. 


Fia.  .')7.— Map  of  West  Branch.  Oppinaw  County,  showing  flowing  wells. 

The  pioneer  well  was  made  by  E.  V.  Goodell  in  1880  by  driving  a 
nch  pipe  to  the  first  water  bod  at  30  feet  and  later  to  the  80-foot 
d;  the  supply  has  decreased  since  drilling.  The  number  of  wells 
s  increased  rapidly,  and  with  the  increase  some  of  the  shallow  wells 
ve  ceased  flowing  entirely.  The  pressure  of  the  water  is  sufficient 
a  few  cases  to  warrant  piping  to  th(»  second  floor  of  a  dwelling, 
d  hydraulic  rams  are  used  in  several  cases  to  force  water  into 
:chens. 

The  cost  of  the  wells  is  sonK^wliat  less  than  in  other  regions,  rang- 
^  from  $40  to  $S(),  the  low  price  ])eing  (hie  to  the  slight  depth  of 
e  water  bed  and  to  the  use  of  casuig  in  the  deeper  wells  onl}'. 
lat  the  supply  is  valued  the  large  number  of  wells  show,  but  only 
a  few  instances  are  check  valves  used,  the  large  majority  of  the 
Jls  being  allowed  to  How  full  capacity  throughout  the  entin^  year. 
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This  wasteful  practise  is  believed  to  be  the  cause  of  the  decrease  of 
the  flow  shown  in  the  past  two  years. 

Flow. — The  total  flow  from  106  wells  is  about  610  gallons  amift- 
ute,  of  which  540  gallons  are  from  wells  within  the  limits  of  West 
Branch.  The  strongest  flow  is  60  gallons  a  minute,  on  the  property 
of  C.  J.  Blakeley  (Xo.  22),  and  another  large  flow  is  at  the  West 
Branch  brewen'  of  Mr.  A.  M.  Schieke  (No.  40),  where  the  combined 
flow  of  three  connected  wells  is  156  gallons  a  minute.  Many  of  the 
flows  from  the  upper  water  beds  have  been  decreasing  for  the  last 
three  years,  this  decrease  being  noted  in  many  wells  that  the  writff 
saw  in  1903  and  1904.  In  some  cases  the  decrease  has  been  due  to 
sand  fdling  the  pipe,  in  some  to  deposits  of  iron  carbonates  or  othff 
incrustations,  and  in  some  to  the  overdrawing  of  the  supply  by  the 
drilling  of  recent  wells.  If  wells  were  checked  and  controlled  the 
supply  might  be  available  longer. 

^y(^UT  beds, — The   water  beds  in   this  locahty  have  been  thor- 
oughly exploiteil,  especially  the  upper  ones.     The  well  drillers  find 
that  they  are  not  as  uniform  as  at  Rose  City.     Their  thickness  is 
often  20  to  80  feet,  consisting  of  gravel  or  coarse  sand  interbedded 
with  clay.     The  coarser  material  is  generally  at  the  bottom,  while 
at  the  center  quicksand  has  been  so  abundant  as   to  cause  some 
delay  in  drilling  and  to  prevent  the  use  of  the  common  form  of  jet' 
ting  drill  wliich  is  visually  employed  in  drift  wells.     The  thickness 
and  extent  of  the  first  water  bed  is  sho\ra  by  well  No.  22,  at  the 
livery  barn  of  C.  J.  Blakeley,  which  was  65  feet  at  first,  when  it  1 
drew  the  water  level  down  on  all  wells  in  the  upper  bed,  some  of 
these  especially  affected  being  Nos.  23,  32,  31,  30,  100,  33,  101,  and 
102.     Doctor  Newman's  well,   No.   23,  did  not  flow  after  No.  2*2 
reached   Go  feet,   but  when  the  latter  was  cased   to   108  feet  and 
drilled  to  IGo  feet  the  former  regained  a  small  flow.     Later  it  wft^ 
drilled  to  130  feet,  the  level  of  the  third  water  bed. 

The  first  water  bed  in  West  Branch  is  about  40  feet  from  ih^ 
gen(M-aI  surface  and  some  25  feet  thick.  Its  elevation  above  tide  ^ 
about  !)20  to  94.)  fe(»t.  In  the  eastern  part  of  the  village  the  upp^ 
bed  is  somewhat  lower  and  supplies  the  brewery  well  (No.  40? 
which  luis  partly  drained  wells  Nos.  47,  92,  and  93.  The  group  CP 
wells  directly  south  of  the  depot  seems  to  reach  a  second  wat^r  be^ 
at  a  lower  elevation,  the  drillers  there  finding  a  hard  clay,  VATyini 
from  20  to  30  feet  in  thickness,  l)eneath  which  is  obtained  the  supr 
plies  for  wells  Nos.  7,  91,  97.  and  105.  At  the  present  time  the  sec- 
ond water  bed  is  the  source  of  a  better  supply  than  is  obtained  i^ 
the  upper  ])eds.  The  third  bed,  with  a  general  elevation  of  430  feet 
is  the  source  of  the  strongest  supply  of  the  area.  From  it  coined 
the  supply  for  the  wells  of  Stephen  Weigers  (No.  14),  Ogemaw  Bank 
(No.  So),  C.  J.  Blakeley  (No.  22),  and  Gale  Lmnber  Company  (Xc>- 
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n  several  of  the  wells  in  this  bed  drift  coal  is  found,  coming 
he  coal  series  of  the  Michigan  formation,  which  outcrops  to 
ith  and  east.  The  greater  supply  and  pressure  of  the  water 
he  lower  bed  is  due  to  the  presence  of  the  Michigan  forma- 

the  east.  At  the  West  Branch  Bridge  over  Rifle  River,  due 
ist  of  this  area,  outcrops  of  the  early  Carboniferous  limestone 
ndstone  occur  at  an  altitude  of  785  feet  above  tide,  and  as 
rer  water  beds  are  790  feet  above  tide  this  seems  a  case  where 
k  cuts  off.  an  escape  of  the  water  at  lower  levels. 
hment  area. — The  catchment  area  for  the  West  Branch  wells 
le  loose  drift  material  which  constitutes  the  land  to  the  north 
est,  having  an  elevation  of  1,200  to  1,300  feet  above  tide, 
esence  of  springs  and  lakes  on  the  drift  plains  where  the  clay 
to  the  surface  is  due  to  the  large  amount  of  ground  water  in 
rous  material  and  the  small  run-off.  A  part  of  the  supply  at 
w  Springs  can  readily  be  traced  to  the  water  following  clay 
h  the  drift  down  to  lower  elevation,  while  the  larger  supply 
I  between  clay  beds  at  greater  depths. 
perature, — ^The  temperature  of  the  wells  averages  nearly  48®, 

higher  than  the  mean  annual  temperature  of  West  Branch, 
mperature  of  the  Gale  Lumber  Company ^s  wells  (Nos.  24  and 
the  same,  although  there  is  a  difference  of  89  feet  in  their 
The  shallow  well  has  25  feet  of  pipe  exposed,  while  the 
one  has  none.  The  exposure  of  15  feet  of  pipe  may  account 
emperature  liigher  than  normal  in  the  wells  of  Joseph  Mer- 
o.  1)  and  at  the  village  park  (Xo.  3),  wliile  representative 
atures  for  that  depth  are  in  adjacent  wells  of  Frank  Smith 

and  the  Episcopal  Church  (No.  105).     The  difference  between 

and  soil  temperatures  (5.5°)  is  larger  than  in  some  experi- 
and  observations  elsewhere,  but  may  be  due  to  the  blanket- 
>ct  of  the  heavy  winter  snow.  The  temperature  of  the  springs 
maw  Springs  station,  on  the  Michigan  Central  Railroad,  north 
>t  Branch,  in  July,  1904,  was  47°,  which  agrees  with  similar 
;  at  Rose  City. 

.—The  table  on  the  next  page  gives  data  of  wells  at  and  near 
Jranch. 
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Wdi9  in  West  Branch  area. 
WELLS  AT  WEST  BRANCH. 


I! 


Owner* 


1  .  ^AAorth  Merrllc. 


4  j  A.<*.  jfona  <■,., 
&  i  AS.  lmiis..^_ 
ft!  A.  LShli^l*'/.^ 

li     Mm,  McKnnn&. 


9  I  Mr.  UatiAHMn., 
in  F.  Smith..... 
J  J     Mr.  mntmil].. 


12  :  E.V.Goodell 

I 

13  ]  ('has. Rayraour... 
U  ,  Steven  W  eigersrt  . 

15  ;  Mrs.  T.    L.   I^w- 
1      enzo. 


16  I  C.K.Camp 

17  j  C.  W.  LongweJL. 


18     L.Walters 

10  I  Geo.  Alexander 

20  I  Alex.  Brigham 

21  '  MfCannond  Wo<xl . 

22  I  C..f.  Blakoley*.... 

23  Doctor  Newman  . . 

24  Gale  Lumber  Co./. 

2,')     Gale  Lumber  Co 

2<>     D.Mi-Cannon 

27  II.  Buckle 

28  I  Linger 

2i)  I  John  (lauf 

30  ,  Chas.  Hoss 


31  Cha.s.  Wilson 

32  I  Ira  Mitchell 

:«     I'.V.GuUfonl.... 
34     Catholic  ChuH'h  J/. 


Ri«I34l1Uk 


<M)7  '     4.'»     022 
JHW       4.")     1»23 

9<17       SI)     SS7 


Flnired  d  gKlltms  a  mimiti  ii 
IKS:  d mined  t»v  Na  mk 

Sloiv  and  ttlackmutk 
w&ier  troMgtt. 
A I  itorp, 
Domeatic  m^ 

Bato  uml  hou#f. 

WAter  hii  irmal]  inuRdAil 

iron  carbooal«- 
Domvjitlc  DBc 

Do- 
W;ir.  I ':   ■■  '""i>;:  corroikiiitpi 

and  tin  disb«fl. 
Made  in  1888;  L5-iiicfa;  mk 

flow. 
Not  flowing. 
Carefully    piped    and  eoo- 

trolled. 
Not  flowing  in  1903.  but  iftcr 

sand  pumping  in  19(Mgpoi 

flow. 
Reduced  to  1  indi. 
Well  1.5-ineh;  mucfaAlpFii 

water. 
Fountain  and  fish  pood. 
Domestic  use. 
Decreased  by  No.  WimvA 

iron  carbonate  on  pipe. 
Fountain  and  livery  bin. 
Drift  coal  in  well. 
Original  flow  at  00  feet;  low- 
ered by  No.  22. 
Drinking. 

Drinking  and  stesming. 
Livery. 

Domestic  use;  w(41 1.5-iDen. 
Domestic  and  stock. 
Flow  decreased  nioce  1903. , 
Wmk  flow  in  1903;  no  flow  in 

1904. 
Weak  flow. 

Decreased  since  1903. 
Not  sulta.ble  for  lauDdr>-. 


a  AU  wells  flow  unh'Ms  otherwiso  iiulicatod,  but  tho  head  can  not  ho  measured  in  those  with  goo»- 
nocks. 

b  This  well  was  mude  in  eight  hours  by  hand  with  a  clay  auger  and  driving  pipe  in  1899.  The  following 
is  the  record: 

Thickness  (fcet^- 

San<l  H  nd  gravel ^ 

Solid  blue  clay <; 

Water  gravel * 

c  Wells  No.  1  and  No.  3  have  15  fi»ct  of  pipe  oxpo.«K5d  above  tho  surface.  This  accounts  for  high  tempera- 
ture. 

d  Supplies  butcher  shop  and  grocery  store  with  a  large  butter  room  In  basemeilt;  also  piped  to  living 
room  on  second  floor;  ma<io  in  1890. 

er  Made  in  lOOi)  and  is  cased  108  foet.  Is  said  to  flow  2.000  barrels  in  twenty-four  hours  (probably»J 
overestimate).  First  water  at  (15  feet;  for  a  time  supply  was  drawn  from  a  95-foot  vein;  later  ww 
drilled  to  Wt  feet.    This  weU  is  No.  164  in  Water-Supply  Paper  No.  102.  United  States  Geological  Sarrey- 

/  The  following  is  the  record  of  this  well: 

Thickness  (teeli- 

Clay }0 

Sand li 

Clay 50 

Sarid  and  gravel J 

Clay * 

Sand,  small  pieces  of  coal ^ 

Hard  blue  clay * 

Gravel,  coal  fragments ^^ 

Water  at  80  and  160  feet. 

ff  Drilled  to  VM)  foet;  no  flow;  pipe  puUod  back,  to  veVu  aV  ^  Icftl. 
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WeUs  in  West  Branch  area — Continued. 
WELLS  AT  WEST  BRANCH-Continue*!. 


'ometery 

nbert 

ibar 


Ft. 

958  I 
955  ! 

en 961  : 

eke I  960 

eke  o 950 

I 

V ,  960 

iney I  955 

huglev...   954 

gan  .' !  955 

?fflcr I  955 

itton I  953 

960 

.k 

inderft  .. 
Sams. . . 

ford 938 

I  953 

J  057 
.1  952 
.    958 

dy I  962 

hitman...'  959 

jor 958 

mard 955 

e 963 

►rton 962 


Ft. 


igis. 
s 

2y. 


gliflh. 

iller. . 
iler. . . 


ry... 
»wen. 

krs.. 


)p.. 
Icll. 


uth. 


il.... 
;tor>'. 


Ft.  Ft.  I 

110  830    .... 

14  944    .... 

42  I  913  |.... 

15  946  961 
53  907  .... 
44  906  '.... 


Quality. 


Remarks. 


.a  oi 


Qaia. 
3 


I   P 


-!  $92 


47i  . 


950 
95:i 
957 


4.5 

910  ' 

45 

909 

3r) 

925 

35 

920  1 

50 

903  1 

50 

910  ' 

50 

90(i 

48 

90.) 

40 

917 

2.5 

I       .8  i   47; 
156         47; 

.9 


10 

ioo" 


35 

3      I  47* I     a5 

1.8     47*    Soft j     35 


12.2 
1 


49 

48     Soft.. 
474 


50  1  888 

3 

12 

12 

.  i  3. 5 

.   42 

60  893 

■  90  i  867 
95  857 

48 

.i  70 

50  908 
50  869 
m     869 

1.5 

2 

3 

47 

Soft.... 
....do.. 

.'  40 
.   40 

100  858 

48 

Soft.... 

50  I  913 
30     932 


961  :     60  I  901 


962 

I  963 


60  '  902 
45     928  ' 
45  i  919 


1.5    

7.5     48     Hard. 


1.6  '  47i  . 
3         47J  . 


18.> 

95;j  I     30  ,  923  • 


952  , 
953 
95:^  , 
9i>J  I 
I  1^2 
'  9.>3 
952 
952 
949 


50 

9rj2 

45 

1H)« 

90 

883 

75 

878 

SO 

.S72 

75 

87S 

39 

8 


Hani. 


31 

Soft 

943 

.  48 

Soft 

•d 950  I 

953 

943 

ods ■  9.'>1 

Itter 9is  . 

irp 94<)  I 

•ner 940 

Bank ;  9'>4 


90      8f52 
W)  I  .S81> 


90  I  .s<;3 


40     1»0S  I 

5S  ,  S88 


m    .s«) 

17.".     770  I 


49     Soft... 
47J  ....do. 

4«  ' 

48     Hani. 


47.\  . 


.do.. 


3 
l.S 


48  Soft.... 
48  ....do.. 
Al\  ....do.. 
48    do.. 


950       40     OK) 

I  I 

\)^\2        ;«)      O^il! 


Small  fountain. 
Weak. 

Decreased  by  No.  42. 
Weak  flow;  much  CO,. 
House;  pii>ed  to  bam. 
3  wells  connected  and  foun- 
tain. 
Decreased  since  1903. 
Domestic  use. 

Do. 
Flowed  in  1903;  not  in  1904. 

Do. 
Ceased  to  flow. 
Domestic  use. 
Weak  flow. 
Domestic  and  stock. 

Large  stock  farm. 
Stock. 
Do. 

Domestic  use. 
House  and  fountain. 
Domestic  use. 
Pumped. 

Domestic  use. 

fiood  drinking  water;  unfit 
for  laundry  purposes. 

House  and  fbuntam;  flow  de- 
creasing. 

Domestic  use. 

Pumped. 

I  mile  south  of  village  post- 
ofTice;  pumped. 

Stock  farm  south  of  village. 
Water  has  much  iron  carbon- 
ate. 
Domestic  use;  weak  flow. 

Do. 
Pump  well. 
Weak  flow. 

Well  doggecl  with  sand. 
Weak  flow. 
V\iA\  dtt'ri'ftsiiHl  Pimc  1903. 

II  oust.'  and  bum. 
Drjmf'tk-:  not  suitable   for 

Iflundry  iise> 
Dit'n'iL,>«Hi  by  No.  77. 
Nn  fTuv:  primp  wdb 

Supplies  hou.se  and  bani. 
Supplies  bnm;  much  CO*. 
Ram  used  to  rai.se  water  to 

house. 
Weak  flow:  modiuni  soft. 
Strong  flow;  piped  to  soeoud 

floor. 


5       j  iJutter  room  ami  for  steani- 

I  ing. 

2       ' 2    wells    same    depth;    me- 

;      dium  hard. 

in  brewery  satisfaclorilv.    Thort"  an^  throe  wells  20  feet  ttp^fl^  whk^h  lowen-4  head  in 
I  ft3.    The  owner.  .\.  W.  SchUske.  .stales  that  water  contains  maifneslft  and  pkuiLy  of  COj. 
Kies  Iron  pipes  jind  tinware  rapidly.     .No  <le(rrcase  in  supplv  has  Jioen  notcd^ 
;  to  first  water  and  continued  through  wntor-l)earing  sand  to  101;^  iDct  without  Increase  in 

uth  of  court-hoiis<^:  jyonct  rat<»s  following  l>eds; 

Thickness  (foct). 

.  ao 

...       .  % 

.  *a 
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WfUs  in  West  Branch  area — Continued. 
WELLS  AT  WEST  BRANCII-Contlnuod. 


Ownof. 


4 
I 

Ft. 
MS 

Ml 

mi 
Ml 

ABIT 


104  Jnp  VVrtltcn* W»* 

105  I  Kplst^^pwlCbim-h,.    ft50 


1»     JfiP  E{,-ni{nili!f,. 
VM)     K.fhjtton 

102     b.  K,  MHfsH.... 


F;.K¥aji8 

J.Dlttem 

Sir.Tartmun, 
EXUik 

LmnluT  rrh, . . 

T\\\  il^li^r 

Mr.Mii.'KJii^iM 


Fl 


c 
c 


n.  Ft. ,  tiufe. 


.  I     L  r* 

.,     LI 
.1       .1 


I 


e  J  QllaUty,  I 

a  i  1 


lU'nuTfeE, 


B 


.,..,  Haiti. 

4«  ■,_,..., 
48    


mi' 


'  Solt., 


Murli  vedlmenl  la  vntrr 
DfvTVAacfl  nititrc  IWB. 
Supplier  homv  Jii"!  Wra, 

Pitm[i  vHl. 

FJowt-d  In  }iMn:  i-amH  " 

19f^. 
Hade  In  ]9n4;  dfnRir«lh*  nv, 
DwrMH*d  hv  !Ni>,  ^ 

Not      priKKi'   for    (Ihiitl]]^ 
mtiiidj. 

Mtiii^  In  191 14. 

n  mined  bv  irril  N».  1, 


WKLLS  NOKTIJ  OF  WEST  BRANCH. 


H    ,« 


I  X 


21 

2 

IM 

22 

'2 

7 

ya 

■2 

17 

22 

1 

'lA 

^v> 

•} 

H 

22 

2 

7 

ihJ 

'1 

1-^ 

.. 

' 

' 

I                                        \  Fttt. 

w. Tttiimttii ..J  ijh;i 

do Lnvi 

Wni.  Moni* \Am 

A.  Kiirti.. I  *tVt 

.JjtiH.MoH?..„ J  1JI4I) 

1).  Wobpter ....J  JJH2 

Lriirr I.Emf 

tiduml  .... UKKi 


a 


F«t ,  GaU, 


[ 
10 

3 
i 

1 


t 

E 

la 
i7 
47 


qual- 
ity. 


Remarks. 


Soft...  St<ickaiMldoiiK*tirUsr- 

..,dti*.,  Potni^tic  UiP. 

..,do..,  .VII  clay. 

. » AiA . .  Quh'ltttanrl  and  cliy  on  tn^^ 


.1 


Snft..  .1  Dniry  and  boiisr  n»'- 
,««dn>J  Brinktni;  ff>untatti. 


WKLLS  SolTir  OF  WEST  BRANCH. 


22 


22  i 


:i2 


O.  n.  St  own  so  II. 
Mrs,  riaoo 


("has.  I'orrv 


:V)  I  I'.  Mark . . 

I 
.V2  1  Mr.  Cook. 
31  ,  Mr.  Rice.. 

I 


} ., 

47i 

ma... 

5 

4S 

...dQ..| 

ft 

m 

« 

m 

H^m., 

7 

"' '" 

Sand  2li  fe*t :  n>ninto<ltr  rU|. 
water  riaft*  t  font  iw»* 

fiAnd  30  luxx;  day  tf*  «^ 

Waipr  rIfVA  12  fe^t  abort  *^ 

All  rlny. 


ROSE  CITY  AREA. 


Location. — The  flowing  wells  of  the  Rose  City  region  are  distributed 
over  an  area  of  3  square  miles  ( fig.  oS) ,  which  lies  to  the  east  of  ft 
Saginaw  Bay  moraine,  here  1,200  to  l,r)00  feet  above  sea  level.  The 
eastern  slope  of  this  moraine  forms  the  catchment  basin  for  the 
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vaters  of  Rifle  River,  and  the  sand  plains  north  and  west  belong 
*  catchment  basin  of  Au  Sable  River. 

?  flowing-well  district,  of  which  that  at  RoseCity  is  a  part,  extends 
of  north,  following  the  trend  of  the  neighboring  portion  of  the 
ine,  and  good  flows  have  been  obtained  for  3  miles  in  that  direc- 
Three  miles  north  of  the  town  the  morainal  ridges  turn  to  the 
east,  and  along  this  southern  slope  a  few  wells  have  been 
I,  and  there  is  a  strong  probability  that  2  miles  north  of  the  vil- 
of  Lupton  and  Maltby  flows  could  be  obtained  near  the  base  of 
ridges.  South  of  Rose  City,  on  the  eastern  slope  of  the  morainal 
ry,  many  strong  springs  occur,  but  no  flowing  wells  as  yet. 
ccessful  attempts  have  been  made  at  Campbells  Comers  on  a 
inent  point,  which  not  only  seems  too  high  for  a  flow,  but  is  liable 
ve  its  water  table  lowered  by  creek- valley  drainage  on  either  side. 


Fio.  58.— Map  of  Uose  City,  showing  locHtion  of  flowing  wells. 

^ILs, — There  arc  at  present  25  flowing  wells  within  the  limits  of 
Tillage  of  Rose  City  and  8  outside  of  the  village.     The  first  of 

in  Rose  City  was  drilled  in  1S94,  on  the  property"  of  H.  Hodge,  in 
^'estern  part  of  town.  The  25  wells  furnish  an  abundant  supply 
od  water  for  domestic  purposes  to  the  800  inhabitants.  Some  of 
tronger  flows,  as  that  belonging  to  Professor  Karcher,  are  piped 
pply  several  families,  a  small  rental  being  paid  to  the  owner  for 
)rivilege. 

le  shallow  wells  are  made  by  driving  a  2-inch  galvanized  iron  pipe, 
3ut  point  or  screen,  down  to  the  waterbed.  These  wells  are 
*  by  the  job,  and  $30  to  .S40  is  the  average  price  for  the  well  com- 
,  including  pipe  and  the  labor.  Tlie  stronger  flows,  which  are  from 
leeper  of  the  two  bcnls  discussed  below,  are  made  by  price  per 
which  is  usually  50  cents,  exclusive  of  piping,  making  the  average 

iRR  ^s^^—o*) 20 
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cost  of  each  well  from  $70 
to  $80.  The  wells  require 
very  little  repairing,  but  must 
be  sand  pumped  as  often  as 
once  in  three  years.  This 
costs  about  $10.  The  aver- 
age cost  of  these  wells  is  so 
low  and  the  quality  of  the 
water  so  good  that  such  & 
supply  is  one  of  the  valuible 
resources  of  the  town  and 
ought  to  be  carefully  guarded 
from  unnecessary  depletion 
or  waste. 

Fl(m.— The  total  flow  of 
the  Rose  City  wells  amounts 
to  about  2,290  gallons  a 
minute  from  20  of  the  25 
wells  which  could  be  meas- 
ured, which  gives  over  10,000 
gallons  daily  per  capita,  or  far 
above  the  maximum  amount 
used  in  any  city  in  the  StAte, 
The  individual  flow  of  the 
wells  appears  in  the  table 
on  page  293.  With  a  few 
exceptions  the  wells  are  al- 
lowed to  flow  freely,  a  practise 
which,  as  already  suggested, 
tends  to  decrease  the  hetd. 
As  yet  no  failure  to  obtain 
a  flow  has  resulted  where 
the  trial  has  been  made  on 
ground  which  stands  below 
090  feet  above  sea  level,  and 
none  of  the  wells  have  shown 
a  marked  decrease  in  flow 
since  they  were  first  made, 
except  in  cases  where  they 
have  become  sand  clogged; 
but  in  such  cases  sand  pump- 
ing restores  the  original  flow. 
A  case  in  point  is  that  of 
Doctor  Kiehle's  well,  whidi 
had   a  flow  in    1902  of  108 
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le  lati»r  was  stopped  with  sand  and  ceased  to  flow  for  several 
nths,  but  on  being  sand-pumped  early  in  1904  resumed  the  same 
v  as  at  the  time  of  the  first  measurement. 

YaUr  beds. — Two  water  horizons  are  usually  foimd  in  driving  these 
Is.  One  from  a  bed  of  sand  quite  near  the  surface,  and  the  other 
ni  a  gravel  bed  somewhat  irregular  in  its  dip,  j^et  always  containing 
abundant  supply  of  water  under  considerable  head.  The  first  or 
)er  bed  has  been  found  in  nearly  all  of  the  wells  that  have  reached 
lower  stronger  flow.  The  relations  are  set  forth  in  the  accompany- 
diagram  (fig.  59),  where  it  will  be  seen  that  the  thickness  of  the 
)er  l)ed  is  from  8  to  10  feet.  The  supply  of  water  in  this  upper  bed 
y  come,  to  some  extent,  from  the  upward  rise  of  water  from  the 
er  bed,  since  its  outcrop  or  intake  is  but  a  narrow  strip  not  large 
High  to  supply  the  amount  of  water  yielded  b}'^  some  of  the  wells 
,t  tenninate  in  this  upper  bed.  Where  the  upper  bed  is  cut  into 
Houghton  Creek,  above  the  mill  pond,  many  large  boiling  springs 
iir,  and  at  the  time  the  \^Titer  was  in  this  region  in  1904  the  pond 
I  the  creek  had  a  gray  color  from  the  breaking  out  of  several  new 
ings  that  the  creek  had  opened  by  its  recent  active  cutting  on  its 
them  bank. 

Phe  lower  water  bed,  which  supplies  the  stronger  flows,  contains 
rse  gravel.  Some  sand  occurs  in  the  western  part  of  the  town  and 
ms  the  larger  part  of  the  bed  in  the  eastern  part.  The  fact  that 
eral  of  the  wells  of  the  eastern  part,  although  of  lower  altitude  than 
•se  of  the  western,  have  less  velocit}^  of  flowage  may  be  due  to  the 
T  texture  of  the  material.  This  stronger  bed  appears  at  an  alti- 
e  of  960  feet  in  the  well  of  Mr.  Hodge  (No.  6)  in  the  western  part  of 
to>\'n  and  dips  only  slightly  to  the  east  imtil  the  public-school  well 
eached.  This  well  apparently  passed  the  main  bed,  as  Mrs.  Slater 
a  well  only  a  few  feet  below  it  giving  a  good  flow  and  rising  nearly 
feet  above  the  surface,  suggesting  that  the  schoolhouse  well  may 
e  been  carelessly  drilled.  From  the  Slater  well  the  deeper  water 
clips  rapidly  to  the  east,  being  found  at  940  feet  above  sea  level  in 
Cooley  well,  870  feet  in  Professor  Karcher's  well,  and  780  feet  in 
Houghton  House  well. 

Tie  porosity  of  this  lower  water  bed  in  the  western  part  of  the  vil- 

^  is  well  shown  when  the  W.  Rose  well  is  shut  ofT,  for  in  twenty 

lutes  afterward  thv  re  is  an  increase  in  the  flow  of  the  Cooley  well 

feet  to  the  southwest.     This  continues  to  increase  fi)r  several 

rs,  until  the  well  has  regained  its  original  flow.     The  lower  water 

is  the  principal  source  of  supply  for  the  larger  wells  of  the  village, 

the  limit  of  flow  apparently  has  not  been  a[)proached,  as  none  of 

wells  show  any  indications  of  decn^ase. 

hiality  of  water.—  Examination  of  the  (juality  of  the  water  by  field 
hods  shows  an  entire  absence  of  sulphates  and  chlorides.     Thft 
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shallow  wells  contain  a  larger  amount  of  carbonates  than  the  deeper 
ones.  The  degree  of  hardness  in  some  of  the  deeper  ones  is  so  low  thai 
no  softening  preparation  is  used  for  washing  or  for  laundr}'  purposes. 
None  of  the  wells  have  notable  deposits  of  the  iron  precipitate  and  tie 
pipes  do  not  corrode  rapidly. 

Tempemture. — The  temperature  of  the  wells  averages  a  little  below 
49°  F.,  which  is  ver\^  suitable  for  water  used  for  cooling  and  drinkiiig. 
The  mean  annual  temperature  of  Rose  City  is  6°  lower  than  the  aver- 
age well  tiMnperature;  but  the  soil  in  northern  latitudes,  where  snow 
prevents  radiation  for  several  months  of  the  j^ear,  has  a  greater 
mean  temperature  than  the  air.  This  probably  accounts  for  much  of 
the  difference  here  between  the  mean  temperature  of  the  air  and  of 
the  soil.  (See  pp.  15-20.)  The  well  on  the  propert}^  of  the  RoseCity 
stave  mill  shows  how  the  well  temperatures  are  affected  by  outside 
heat.  This  well  ought  to  have  a  temperature  of  about  50®,  and  it«  tem- 
perature of  56°  was  first  noted  by  Dr.  A.  C.  Lane,  and  the  boilers  of 
the  engines  given  as  the  cause  of  the  increase.'' 

Catchment  area, — Attention  was  called  above  to  the  high  morainal 
ridges  west  and  north  of  Rose  Cit}',  which  form  the  boundary  of  the 
flowing-well  district  in  those  directions.  These  in  all  probability  con- 
stitute a  catchment  area  for  much  of  the  water  within  the  flowing-well 
district.  In  the  portion  of  the  district  from  which  the  village  obtains 
its  supply  a  catchment  area  appears  to  be  found  close  at  hand.  The 
contour  map  (fig.  5S)  shows  a  culminating  point  in  the  western  part  of 
the  towii,  standing  150  feet  above  Houghton  Creek,  a  stream  which 
rises  in  th(^  h(»avy  springs  along  the  eastern  slope  of  the  morainal 
country  to  the  west  and  which  in  the  eastern  part  of  the  town  is  & 
small  stream  of  about  50  second-feet  volume.  West  of  this  high  tract 
m  the  west  part  of  the  village  and  outside  the  town  is  a  lower  belt 
of  loose-textured  material  one-eighth  mile  wide,  which  lies  between 
the  high  point  in  the  village  and  the  high  land  to  the  west,  and  which 
rises  in  morainal  ridges  until  the  crest  is  reached  at  an  elevation  of 
about  1 ,500  feet  on  Cooks  Knob,  3  miles  west  of  Rose  City.  This  belt 
of  loose-textured  material  runs  parallel  with  the  large  ridges  to  the 
west,  having  the  same  general  north -south  trend,  and  seems » 
probable  catchment  area  intimately  related  to  the  Rose  City  wells. 
The  loose-textured  material  apparently  dips  beneath  the  ridge  in  the 
west  part  of  town  and  is  covered  l)y  several  layers  of  clay,  which  are 
impervious  enough  to  retain  the  water  and  give  it  considerable  head 
in  places  of  lower  elevation.  This  catchment  area  is  probably  itself 
fed  by  the  high  ridges  to  the  w(\st  of  it,  just  as  Houghton  Creek  is  fed 
from  a  portion  of  ih(^  ridges  farther  north. 

aWator-Sui)  and  Irr.  PajxT  No.  lii),  U.S.  (Jcol.  Sur\'ey,  Ifm,  p.  57. 
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WATER  SUPPLIES  OF  MANISTEE  COUNTY. 
Bv  Frank  Leverett. 


OENKIIAL   STATEMENT. 

Manistee  County  fronts  on  Lake  Michigan  in  the  western  part  of 
le  Southern  Peninsula,  the  city  of  Manistee  being  the  county  seat, 
fanistee  River  traverses  the  southern  part  of  the  county,  and  with 
-s  tributaries  drains  all  of  the  county  except  a  narrow  strip  on  the 
orthem  and  western  borders.     The  district  south  of  Manistee  River 

largely  a  sandy  y)lain,  and  has  few  settlers  except  at  the  village  of 
Dublin,  outside  the  city  of  Manistee  and  its  suburbs.  North  and 
est  of  Manistee  River  in  the  east  is  a  prominent  morainic  system, 
large  part  of  which  has  ])ecome  settled.  The  wells  on  it  range  in 
?pth  from  50  feet  or  less  up  to  fully  200  feet.  West  of  tliis  morainic 
'Stem  there  is  a  broad,  sandy  plain  traversed  by  Bear  Creek,  a  tribu- 
ry  of  the  Manistee,  in  which  a  strong  flowing  well  has  been  obtained, 
le  northwestern  part  of  tlu^  county  west  of  Bear  Creek  and  north 

Manistee  Riv(»r  is  largely  morainic,  but  has  recesses  extending  m 
)m  Lake  Michigan  in  wliicli  flowing  wells  have  been  obtained.  One 
iportant  district  on  the  borders  of  Portage  Lake,  m  ^\x^\jl^^\  nJw^ 
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village  of  Onekama,  is  discussed  by  Mr.  Gregory  (pp.  297-301). 
There  is  a  smaller  district  near  Arcadia,  concerning  which  a  few  dan 
are  presented  below.  The  wells  on  the  moraines  in  the  northwestm 
portion  of  the  county  are  often  driven  to  depths  of  75  to  100  fe^, 
though  as  a  rule  the  hills  are  avoided  and  wells  are  sunk  in  depres- 
sions, where  water  is  found  at  convenient  depths. 

The  salt  wells  at  Manistee  penetrate  about  to  sea  level  before  strik- 
ing rock,  but  at  Onekama  rock  is  reached  at  a  level  100  feet  or  more 
above  tide.  It  is  not  known  whether  the  altitude  of  the  rock  surfaw 
continues  low  to  the  eastward  across  this  county,  for  no  other  bor- 
ings have  been  driven  to  the  rock.  The  highest  points  in  the  eastern 
part  of  the  county  have  an  altitude  of  more  than  1,000  feet  above 
sea  level.  If,  therefore,  the  rock  surface  does  not  rise  in  that  part 
of  the  county,  there  would  be  about  1,000  feet  of  drift.  Borings  it 
Manistee  and  Onekama,  as  well  as  the  shallower  ones  elsewhere  in  tie 
county,  show  the  drift  to  be  largely  gravel  and  sand,  which  is  M 
with  water  below  the  level  of  the  streams,  but  which  is  liable  to  be 
dry  at  points  much  higher  than  the  drainage  lines. 

WATERWORKS. 

MAKISTEE  CITY. 


The  city  of  Manistee,  with  a  population  of  about  14,000,  stands 
on  the  shore  of  Lake  Michigan  at  the  mouth  of  Manistee  River.  It 
is  supplied  from  a  system  of  wells  sunk  on  a  terrace  a  short  distance 
from  the  lake,  on  the  south  bank  of  Manistee  River.  There  is  a 
large  excavated  well,  30  feet  in  diameter  and  40  feet  deep,  with  which 
are  connected  three  S-inch  wells  which  extend  60  feet  below  the  level 
of  the  bottom  of  the  large  well  and  about  75  feet  below  the  river  and 
Lake  Michigan  level.  The  large  well  was  excavated  in  sand,  though 
there*  was  a  bowlder\^  b(»d  at  23  feet  and  an  occasional  streak  of 
gravel.  Tlu*  tubular  wells  are  through  sand,  except  for  10  feet  of  | 
brick  clay  near  the  bottom.  The  water  stands  23  feet  below  the 
surface,  or  at  about  Lake  Michigan  level.  The  following  analysis  of 
water  was  made  by  Ricketts  &  Banks,  of  New  York  City,  July  25, 
181)9,  just  before  the  purchase  of  the  waterworks  by  the  citj^: 

Analysis  of  tmieruxtrks  uxUer,  Manistee. 

Parts  per  million. 

Chlorine  (CI ) o.  33 

Sodium  (Na) 3.  'J" 

Mitrogen  in  nitrites 02 

Nitrogen  in  nitrat<?a 5 

Free  ammonia -^ 

Albuminoid  ammonia •  ^ 

Calcium  (Ca) 74.84 

Carbonic  acid  (CX)^) 1 12. 06 

Loss  on  ignition 35 
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Analysis  ofwaUrworks  vxUer,  Manistee — Continuod. 

Parts  per  million. 

eral  matter,  nonvolatile 157 

al  solids  (by  evaporation) 192 

i(Fe) None. 

16 72 

^esium  (Mg) : 14.  50 

ppearance,  dear;  color,  none;  odor,  none. 

The  works  were  acquired  by  the  city  October  1 ,  1899,  from  a  private 
iter  company,  the  price  paid  being  $125,155.81.  The  extensions 
ide  since  purchasing  the  works  have  brought  the  cost  up  to 
60,394.10,  as  shown  by  the  annual  report  for  the  year  ending  Feb- 
ar}'  28,  1905.  The  length  of  mains  is  now  21.33  miles.  There  are 
7  fire  hj^drants,  1,540  service  taps,  and  98  meters.  The  ordinary 
essure  carried  is  63  pounds,  and  fire  pressure  100  to  120  pounds, 
le  water  is  pumped  direct  to  the  mains. 

The  average  daily  consumption  of  water  is  819,344  gallons.  This 
a  lower  rate  than  prevailed  when  the  works  were  acquired  by  the 
y,  although  the  number  of  consumers  has  increased  25  per  cent. 

tendency  to  guard  against  waste  is  therefore  developing  in  the 
ininunity.  Superintendent  Stephen  Cahill,  who  furnished  the  data 
nceming  this  waterworks  system,  estimates  that  about  60  per  cent 

the  population,  or  8,500  people,  are  now  using  the  city  supply, 
le  remainder  depend  on  private  wells,  wliich  range  in  depth  from 

to  90  feet. 

MISCELLANEOrS  VILLACiE  SUPPLIES. 

At  Arcadia   the   supply  is  from  driven  wells   20  to  25  feet  deep, 
lich  strike  water  at  about  the  level  of  Lake  Michigan. 
At  Cliief  the  wells  are  commonly  about  50  feet,  but  wells  in  the 
untry  around  reach  depths  of  150  feet,  and  when  on  high  points 
ve  only  10  to  20  feet  of  water. 

At  Onekama  the  flowing  wells,  ranging  in  depth  from  40  to  300  feet, 
?  in  general  use  and  have  a  pressure  ecjual  to  a  head  of  about  70 
t  and  a  discharge  as  high  as  168  gallons  a  minute  from  a  2-inch 
)e.     These   wells  are   discussed   in  some   detail   by  Mr.    Gregory 
[).  297-301).     There  are  a  few  pump  wells  on  the  hill  back  of  the 
lage  ranging  from  10  to  100  feet  in  depth.     Springs  in  the  vicinity 
the  village  are  strong  and  yield  as  high  as  50  gallons  a  minute. 
At  Pierport,  on  i\w  shore  of  Lake  Michigan,  wells  are  from  10  to 
5  feet  in  depth,  though  they  are  commonly  less  than  GO  feet. 
At  Tanner,  in  the  valley  of  Bear  Creek,  wells  are  commonly  about 
feet  deep,  though  tubuhir  wells  reach  a  depth  of  SO  feet. 
At  Brethren,  on  the  plain  east  of  Bear  Creek,  and  also  at  Kaleva, 
lis  are  driven  to  depths  of  20  to  30  feet  and  find  abundance  of 
ter. 
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At  Copemish  the  wells  are  but  15  to  30  feet  in  depth,  though  in 
the  higher  country  immediately  east  they  are  much  deeper. 

At  Harlan,  in  the^  northeastern  part  of  the  county,  there  are  a  few 
shallow  open  wells,  but  the  driven  wells  in  that  vicinity  are  usually 
100  feet  or  more  in  depth. 

At  Dublin,  in  the  southeastern  part  of  the  county,  the  wells  are 
70  to  75  feet  in  depth  and  have  very  little  head,  but  at  Wellston 
siding,  3  miles  north,  an  abundance  of  water  is  found  at  16  feet. 

FLOWIXO  WELLS. 

ASGADIA. 

There  are  two  flowing  wells  east  of  the  village  of  Arcadia,  in  north- 
ern Manistee  County,  on  a  low  plain  bordering  Lake  Michigan— one 
on  the  farm  of  Luther  Finch,  the  other  at  a  German  cemetery.  The 
Finch  well,  in  sec.  1 1 ,  T.  24  N.,  R.  16  W.,  is  about  1  mile  from  the  lake 
and  40  feet  above  it.  It  was  made  in  April,  1903.  The  ceraet^iy 
well  is  a  mile  farther  east,  on  somewhat  higher  ground,  and  has  been 
running  for  about  four  years.  (See  PI.  V,  B,)  The  Finch  well  is 
187  feet  deep  and  flows  a  half-inch  stream  from  a  3-inch  pipe.  It 
has  the  following  section,  as  reported  b}'  the  owner: 

Record  of  Finch  well,  east  of  Arcadia. 

•Thickness.    ToUl 

Feft.      I  Feet, 

Red  sand,  lake  deposit '                 4  j 

Rod  glacial  clay  (till) '               80  '  " 

Water  vein  with  nead  of  —2  feet ! •• 

W  h  i  te  sa  n  d »  i  IM 

Light-colored  clay 10  i  1  j 

Clay  and  gravel '                 3  '  ^'* 

Water  gravel  with  head  of  14  fe<'t i                10  i  l* 


The  cemetery  well  is   143  feet  deep  and  flows  a   1-inch  stream, 
which  lias  shown  no  perceptible  diminution  in  the  four  years  it. has   ' 
been  flowing. 

The  catchment  area  for  these  wells  is  likely  to  be  in  the  bordering 
morainic  hills  whicli  sweep  around  the  plain  on  which  they  oc^ur 
on  the  north,  east,  and  south.  It  is  probable  that  other  wells  may 
be  obtained  on  this  plain  if  sunk  to  levels  as  low  as  those  already 
obtained.  In  most  cases  wells  are  shallow  and  aflFord  suflBcient  sup- 
plies by  pumping.  There  are  numerous  springs  along  the  base  of 
the  morainic  tracts  bordering  this  plain,  which  are  utilized  by  the 
residents. 

VICINITY  OF  KALEVA. 

Andrew  Kullgren  has  a  flowing  well  on  the  bank  of  Bear  Creek, 
about  4  miles  northwest  of  Kaleva,  with  a  depth  of  130  feet.  At 
about  30  feet  he  reached  the  bottom  of  the  surface  deposit  of  gravel 
and  sand  and  penetrated  clay  to  t\\e  \vaVoTA>e«.Vvw^  ^vr A  ^\.\i^\N/5iS5\. 
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Joseph  Gilson  has  a  flowing  well  in  a  rtHjess  of  a  moraine  about 
miles  east  of  Kaleva,  in  sec.  20,  Marilla  Township,  with  a  depth 
75  feet  and  a  head  of  2  feet.     Water  was  struck  at  65  feet,  with 
temperature  of  45°  F. 

Joel  Gilson  has  a  well  in  the  same  region,  made  in  March,  1903; 
>pth  75  feet,  diameter  2  inches,  with  a  head  of  2  feet.  Water  was 
ruck  at  70  feet  and  is  soft.     The  well  is  located  in  a  stream  bed.^ 

BEAB  LAKE. 

A  newspaper  report  concerning  a  flowang  well  at  Bear  Lake 
ppeared  in  the  Jackson  (Mich.)  Press  October  26,  1904,  as  follows: 

Manistee,  Mich.,  October  26. — A  farmer  living  near  Bear  Lake  has  an  artesian  well  on 
is  farm  which  spouts  both  water  and  gas.  The  well  in  419  feet  deep  and  the  pipe  is 
jrked  at  the  surface  and  one  part,  which  is  considerably  higher  than  the  other,  emits 
as,  while  water  flows  from  the  lower  one.  The  farmer  intends  storing  the  gas  in  a  tank 
nd  will  iise  it  to  light  his  home  this  winter. 


Fig.  60.— Flowing  wells  Jn  and  noar  Onckama,  Manistee  County. 
ONEKAMA.^ 

The  Onekama  district  is  a  narrow  strip  of  land  about  Portage 
ake,  in  Manistee  County,  having  an  elevation  of  582  to  620  feet 
)Ove  tide.  The  hike  is  surrounded  ])y  high  hills  of  porous  drift 
iposited  in  part  hv  a  small  local  ico  lobe.  At  the  west  end  of 
:)rtatj:e  Lake  currents  in  Lake  Michi<j:an  have  built  a  bar  and  piled 
le  sand  in  dunes,  so  that  the  once  wide  mouth  of  this  basin  is 
"arly  closed.  Tlu^  Lakc^  Michigan  shore  north  of  this  region  has  a 
)-foot  cliff  of  clay  capped  with  var3'ing  depths  of  sand  and  gravel. 


a  Data  by  A.  ly.  (Jlcason.  driller. 


b  By  W.  M.  Gregory. 
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The  liigh  hills  of  200  to  300  feet  above  the  lake  average  a  mile  bid 
from  the  shore  of  Portage  Lake. 

The  Onekaina  district  has  at  present  40  wells,  36  of  which  an 
good  Hows  and  the  remainder  either  failures  or  very  weak  (fig.  60). 
The  wells  are  all  drilled,  nine  being  driven,  as  the  clay  is  compid 
and  the  sand  is  often  consolidated.  The  tubular-well  machine  wilk 
a  water  jet  is  generally  used  for  sinking  wells  in  this  region.  Intkc 
shallow  wells  and  in  drift  whicli  is  less  compa<!t  and  tenacious  a 
outfit  of  similar  constructiim  is  utilized.  The  w^ells  are  genenBy 
made  by  contract,  varying  from  75  c^nts  to  $1  a  foot  in  the  deeper 
wells,  and  by  the  job  for  a  flow  in  shallow  wells.  Some  few  of  Aft 
wells  require  a  screen,  but  generally  the  supply  is  from  a  rathff 
coarse  gravel  water  ])ed.  The  wells  are  in  general  use  througlMHrt 
the  district  for  domestic  purposes,  dairy  and  stock  use,  and  witer 
has  been  occasionally  shipped  from  Mr.  Canfield's  well  to  outside 
markets. 

The  waters  are  soft  enough  for  all  domestic  purposes  and  are  pie 
f erred  by  some  to  the  lake  water  for  laundrj'  purposes.     The  fidd 
analyses  show  that  th(»  hardness  is  above  the  average  of  the  drift 
water,  while  thi^  carbonates  are  low,  and  the  chlorides  are  above  the 
nornuil  water. 

The  combined  How  of  the  86  wells  is  2,197  gallons  a  minute,  oft 
61  gallons  a  well,  which  is  a  high  rate.  Changes  in  flowage  of  sev- 
eral w(»Ils  occ'urred  when  Mr.  C.  J.  Canfield's  well  (No.  23)  was  made 
This  well  has  an  estimated  flowage  of  250  gallons  a  minute. 

Th(»  deposits  of  tills  region  consist  of  alternate  clay  and  sand  layers^ 
and  the  latter  form  many  water  ])eds  which  give  flows  of  varying 
strength,  depending  on  th(»  coarseness  of  the  material.     The  alter-^ 
nating  character  of  these  beds  is  shown  in  the  record  of  John  Neitzke'^ 
well  (Xo.  3).  where  a  small  flow  was  found  imder  each  clay  bed.    At- 
the  western  end  of  the  lak(»  no  Hows  are  obtained,  a  fe^v  trials  showinT 
this  to  be  a  sand  bar  built  across  the  mouth  of  the  lake.     At  the  fish 
hatchery  the  most  productive  bed  is  the  third  one,  at  43  feet,  though- 
porous  gravel  beds  have  ])e(»n  found  at  10  feet  and  at  2o  to  35  feet, 
while  a  small  flow  comes  from  the  Antrim  shale,  which  is  reached*^ 
425  feet.     At  Mr.  Canlleld's,  oni^-half  mile  east  of  the  fish  hatcherV* 
there  is  a  e()ars(»  gravel  watcM*  bed,  at  160  to  170  feet,  which  vields  ^ 
heavy  flow.     This  bed  aj)parently  rises  to  the  east.     Li  Mr.  W.  W  • 
Davis^s  well  (No.  14)  it  is  found  at  160  feet:  at  A.  E.  Solomon's  (Na- 
12),  at  157  feet;  and  at  the  (dieese  factory  (No.  5),  at  138  feet.     BeloV*"^ 
this  bed  there  are  several  others  ranging  from  224  feet  in  the  well  o^ 
W.  W.  Davis  (No.  14)  to  300  feet  in  A.  L.  Sho waiter's  (No.  6). 

The  deposits  on  the  south  side  of  the  lake  are  more  sandy  tharP- 
those  to  the  north,  and  the  Avells  have  not  been  so  successfully  de-^ 
veloped.     A  fairly  good  supply  is  obtained  at  less  than  100  feet  by" 
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S^oud  (No.  34),  Joe  Frisbe  (No.  35),  and  H.  Hanson  (No.  36).  Sev- 
1  of  the  wells  which  have  been  drilled  to  the  Antrim  shale  at  472 
b  yield  no  water.  Mr.  August  Lipkowski  (No.  33)  obtains  gas 
>ugh  for  two  burners  from  a  well  in  this  shale. 
The  catchment  area  of  wells  about  Portage  Lake  is  in  the  high- 
ds  of  Glacial  drift  which  reach  an  elevation  of  over  900  feet  above 
e  about  the  border  of  the  lake.  Well  drillers  find  it  difficult  to 
tain  water  oh  the  high  hills,  for  wells  have  much  loose,  porous  ma- 
ial  and  few  seams  of  clay.  The  general  absence  of  creeks  north 
d  south  of  this  area  is  the  result  of  the  porous  character  of  the 
it.  When  the  clay  comes  to  the  surface  at  lower  elevations  lakes 
springs  are  the  result.  The  upper  limit  of  strong  springs  along 
irtage  Lake  is  at  650  feet  above  tide,  and  some  are  well  developed 
620  feet.  Some  springs  in  the  western  part  of  Onekama  village 
ve  recently  burst  out  in  new  places.  The  supply  for  the  fish  hatch- 
r  well  (No.  27)  is  evidently  drawn  from  the  water  bed  that  sup- 
es  the  small  creek  which  heads  in  several  springs  at  an  altitude  of 
5  feet  above  tide. 

The  area  affords  some  good  data  concerning  the  well  pressure 
ich  it  has  not  been  possible  to  obtain  from  other  regions.  Mr. 
W.  Davis,  a  competent  well  driller,  has  taken  much  interest  in  the 
ssure  of  the  different  wells,  and  has  arranged  to  measure  it  in  each 
means  of  a  small  steam  boiler  fitted  with  a  gage.  The  pressures 
'e  all  been  carefully  recorded  in  the  accompanying  table.  The 
t%.tQst  pressure  is.  35  pounds  to  the  square  inch,  which  is  reported 
^Ir.  Davis  from  wells  No.  21,  22,  and  23,  and  seems  rather  large. 
?i  writer  saw  Mr.  Davis  test  well  No.  25  with  the  apparatus  which 

been  used  on  the  other  wells  ftf  the  region.     The  pressure  gage 
istered  20  pounds  to  the  square  inch,  or  5  pounds  leas  than  when 

well  was  first  made.     Mr.  Davis  asserts  that  this  decrease  is  due 
aand  in  the  pipe. 


300      WELLS  AND   WATEK   SUPPLIES  IN    SOUTHERN    MICHIGAN. 

Wells  at  Onekama. 


Owner. 


E3 

5      ^ 


'111  i  -*  I 

.     I-*      ■      8.5     g     Quality. 


6.   'I*'   ^ 


S     S 


;i;  «^ 


1 

2 
3 
4 
5 
6 
7 
8 

9 ; 

10  I 

n  I 

12  1 
13, 

14  ' 

15  I 

}?; 
\l\ 

20 
21 
22 
23 

24 
25 

26 

27 

28 

29: 

301 

31  , 


J.  E.  Carletonft... 

J.  E.  Carleton 

John  Neltzkeftf  .. 

Henry  Smith 

Cheese  factory  — 
A.  T.  Showalter.. 

H.  Hanson 

O.  Peterson 

J.  J.  Kennv , 

R.  F.  Wendell  & . . . 
A.  F.  Richmond..' 
A.  E.  Solomon  rf.. 
J.  E.  Erickson....! 
W.  W  Davis  f  ... 
Wm.  Hogiin*  .... 

Fred  Brown 

Chas.  Tomlin . 

F.  HaU 

Mr.  Mlniter^ 

Ramsell  &  Marsh , 

C.J.  Canfleld 

do I 

C.J.  Canfleld/  ..,1 


Ft.    In.  i 
W7      2  : 


602 
610  ; 
P.02 
597 
597 
597 
597  , 
594  ! 
592  i 
594  I 
602 
607 
607  ' 
607  ' 
«I2 
SffT 

m 

007 
004 
«07 

fl07 
fl07 


C.J.  Canfleld ,  607 

Fish  hatchery '  602 

Fish  hatchery  ^  ..'602 

Fish  hatchery 1  (502 

do 602 

do I  602 

do 602 

E.  L.  Reeves*  ...'  592 


Ft. 

185  I 

132 

290 

129 

138 

300 

101 

85 
291  < 

83 
126 
157  ' 
159  , 
244 

40  I 
1:^ 
117 

40 


Ft.  Ft. 
422  656 
471  647 
320  667 
473  659 

359  

297  ,  642 
496  '  633 
512     633 

303  I 

509    

468  >  649 

445  I 

448 
363 
567 
77a 

557 


75 


49il  Soft.... I 


175 


IIFL> 

'At 

100 
140  I 

100  I 


. . . '  Medium  1 
49  I  Soft.... 


. . . .   Medium  ,  206 
49 


49 


Soft... 
Soft! 


Kemarics. 


49     Soft....; 

49j '  150 


30; 
20  I 
25| 
25 
10, 
20  ' 
15  i 
15  1 
10, 
10  I 
20| 
8  ' 


«7  M7 

162  445 

ins  430 

1B2  435 

ISA  4Sl 

4a  &5a 

43s  177 

19  5&i 

25  577 

3CM  39S 


100 

....    150 
1^23       40 

81 

m 

25  , 

'    6  1 

. 

160 
125 
75 

*75 

im 

IflA 

49 
49 

m 

Soft... 
....do... 
....do... 

32 

1  15 

;   8 

1  20 

s* 

Soft.... 

11 

160  1  35 
35 

';   ■  It 

10 

30 

30 

Soft.... 

1  35 

120  L... 

m 

Hard 

100  . 

Hard... 

'  25 

Domestic  ase 
Barn  and  partus. 
Domestic  use. 
House  and  barn. 
C^x>Ung  room. 
Domestic  use. 

Do. 

Do. 


noteL 

First  flow  At  160  feet 
Domestic  use. 
House  and  ban. 
Piped  to  MOoiHirtoty. 
Ail  clay:  flow  in  piveL 
Piped  to  second  rtory. 

Water  from  gravel. 

Occasionally  sold  tor 
drinking. 


Rock  at  300  feet 


No  water. 
Water  from  gravel. 


a  W.  W.  Davis,  a  well  driller  of  Onekama,  is  authority  for  the  pressures,  which  were  obtained  by  con- 
necting well  to  boiler  with  steam  ga^  attached. 
t>  Screen  used  only  In  Nos.  1,  3,  10,  15,  19,  and  38, 
e  The  following  is  the  record  of  this  well: 


# 

Thickness.'   Total. 

Sand 

Feet.      '     F«<.^ 
18  1           l^ 

Clay                                                                                  

99            11' 

Sand 

12'          1» 

Clav                                              .                .                       

24  1          1S3 

Sand 

32            IS 

(May 

24         2 

San<i              

231          5 

Clav - - 

«'       iE 

Gravel  and  S'ind 

\vat<'r  Ix?  J 

23            W 

d  A  ficM  analysis  of  the  hotel  well  is  as  follows: 


Hardness. 


Parts  per  milDon. 
\fS.i 


Carbonates 24 

Chlorides W 

Iron ^ 

f  A  field  analysis  <^f  water  from  the  Davis  well  is  as  follows: 


Hardness. 


PArts  per  milKoB. 
175.5 


Carbonates 29 

Chloridi's 15 

Wood  was  found  in  this  well  at  110  U-i't. 

/  When  well  No.  Z^  was  drilled.  UK)  feet  west  of  No.  21.  the  pressure  in  the  latter  was  decreased  froo 
3.5  to  28  pounds.  Wells  Nos.  22  and  2.'J  an-  connected,  and  the  total  flow  is  used  to  operate  a  water tw^ 
bine  which  gives  power  for  a  small  electric-light  plant. 

(7  Strong  pressure  of  gas,  which  rapidly  di'cn'ased. 

A  Honeath  Wt  f(H^t  of  surfjvce  sand  and  io  fiK>t  of  marl  and  clay  arc  alternating  beds  of  clay  and  aandy 
gravel,  the  clay  predominating. 
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OwilfT. 

i 
1 

A42 

i 

s 

i 

1 

U 
1 

S 

^ 

^ 
^ 

Quality. 

11 

RomarkB^ 

^^m.  NdUalli 

22S 
IIS 
83 

«3 
472 

• 

Ft.     Fi. 

100 

oj. 

175  1  15 

kUg.  Lipkowaktb. 

224     iMA 

Uartl 

120 
SSI 

4-11 

+  17 

+©■ 

(tin 

75 
20 

"'25' 

"'^ 

Soft 

Btook    t^'^^    d^moifttld 

oe  Fl«ke.               

3 
2 
2 

J' 

»' 

'  10 

Ittnfi  f  Irtivoh 

ni2 

u  rtark  tmtttB  c  , 

— 

Ufcr»f,„ 

No  wnter. 

!r.  Klein 

.....'     5 

Some  gua  at  Intervali. 

.... 

Bon..„ 

1 

^n<i  13  ieet\  mmalii* 

'iiHllrsrfwiOl 

624 

tier  tough  clajr^ 

nd  103  feet;  remainder  soft  clay,  with  some  sand  and  gravel. 
s  enough  to  supply  two  burners  in  one  house  for  the  past  year, 
cord  of  well,  with  100  feet  unaccounted  for: 


sh  shale  ( 7) . 
shale 


Thickneas. 


Feet. 


128 
14 
20 
30 

123 
57 


Total 
depth. 


Feet. 


128 
142 
182 
102 
315 
372 


■een  used  only  in  Nos.  1, 3, 10, 15, 19,  and  38. 

WATER  SUPPLIES  OF  WEXFORD  COUNTY. 
By  Frank  Leverett. 

exford  County,  of  which  Cadillac  is  the  county  scat,  is  imme- 
ely  east  of  Manistee  County,  in  the  western  part  of  the  southern 
nsula.  Its  southeast  comer  is  between  the  Lake  Michigan  and 
naw  lobes,  on  a  prominent  interlobate  moraine,  the  highest  point 
hich  rises  to  a  little  above  1,500  feet  and  the  greater  part  of 
•h  is  above  1,300  feet.  In  this  moraine  wells  have  in  several 
s  reached  depths  of  over  200  feet  before  striking  water,  though 
high  hills  are  generally  avoided  and  water  is  reached  at  100  feet 
*ss.  This  moraine  extends  but  little  north  of  CadiUac.  Along 
orthwest  border  is  a  sandy  plain  several  miles  wide  in  which  the 
1  lakes  are  situated,  from  one  of  which  the  waterworks  supply  of 
iliac  is  drawn.  North  and  west  of  this  plain  is  a  prominent 
aine,  with  a  crest  1,400  to  1,500  feet  above  tide.  The  village  of 
ne  is  near  its  eastern  ])order,  and  Harrietta  is  in  a  recess  on  its 
em  border,  while  Sherman  and  Manton  are  also  near  the  inner 
ler.  It  is  a  tract  in  which  the  few  wells  made  are  ordinarily  deep, 
much  of  it  is  still  unsettled.  West  and  north  of  this  moraine  is 
oad  plain  through  which  Manistee  River  flows.  It  is  largely  cov- 
with  sand,  but  portions  of  it  between  Mauloii  aiidSlvvixvcvaxiViv^^ 
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till  at  surface.  The  part  north  of  the  river  is  an  outwash  from  a 
moraine  that  runs  through  eastern  Manistee  and  southern  Grand 
Traverse  County.  On  this  plain  water  is  usually  found  at  depths  of 
20  to  50  feet,  or  in  harmony  with  the  sCreams  flowing  into  Manistee 
River.  The  county  is  tributary  to  Manistee  River  except  a  few 
square  miles  in  the  southeastern  part  that  drain  eastward  throu^ 
Clam  River  to  the  Muskegon. 

Throughout  the  county  the  drift  is  so  loose  textured  that  wat^r  is 
nearly  all  absorbed,  and  there  seems  to  be  a  general  water  table  in 
harmony  with  the  streams.  Wells  on  high  points  and  elevated 
plains  generally  go  about  to  the  level  of  the  neighboring  streams  to 
strike  water,  and  this  in  the  highest  ridges  is  about  200  feet.  So  fir 
as  known  there  are  no  flowing  wells  in  this  coimty.  The  only  places 
where  they  seem  likely  to  be  found  are  in  recesses  in  the  moraine 
south  of  Manistee  River,  or  along  the  low  bottoms  of  the  river  or  its 
tributaries. 

No  borings  have  been  carried  to  suflicient  depth  in  this  county  to 
reach  rock,  and  it  is  probable  tha^t  the  rock  Mes  several  hundred  feet 
below  the  surface. 

The  city  of  Cadillac  and  the  village  of  Manton  have  waterworb 
plants  using  surface  water.  That  of  Cadillac  is  from  Little  Clam 
Lake  which  hes  west  of  the  city.  The  Manton  supply  is  from  a  small 
stream  running  tlu^ough  the  village.  WeUs  are  in  common  use  for 
drinking  at  both  towns.  In  Cadillac  wells  which  the  pubUc  utilize 
have  been  drilled  along  some  of  the  streets  in  the  business  section. 
Analyses  of-  -water  from  the  lake  and  from  private  wells  at  Cadillac 
were  made  by  Mr.  Lewis,  who  found  that  some  carelessness  is  dis- 
played in  selecting  the  sites  for  wells.  The  porous  character  of  the 
soil  in  this  region  is  such  that  it  will  readily  receive  whatever  surface 
contamination  there  may  be. 

In  the  accompanying  table  are  given  the  results  of  a  number  of 
partial  analyses  made  by  S.  J.  Lewis  in  the  vicinity  of  Cadillac.  The 
lake  water  is  soft  and  satisfactory^.  The  Piatt  and  Leeson  wells  are 
both  supplied  from  sand  beds  in  the  drift.  The  Leeson  water  shows 
the  normal  composition,  but  the  high  percentage  of  chlorine  in  the 
Piatt  water  indicates  that  it  may  be  polluted  by  seepage  from  the 
near-by  barns  of  the  owner.  The  data  are  furnished  by  M.  O.Leighton, 
of  the  United  States  Geological  Survey. 
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Partial  analyses  of  wfU  and  lake  waters  at  CadUlac, 
[Parts  p«»r  iiiUllon.] 
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.  J.  Txswls,  analyst.     1.  Lak«».    2.  J.  H.  I'latt:  di'pth.  3(i  fwt.    3.  Dr.  J.  I>«««son;  depth,  113  tv^i. 

The  data  on  village  supplies  pven  below  were  largely  obtained  by 
rrespondence : 

Village  supplies  in   Wexforti  CouiUy. 
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WATER  SUPPLIES  OF  MISSAUKEE  COUNTY. 

By  Frank  Leverett. 

TOPCKiKAPHY. 

Missaukee  County  is  situated  east  of  Wexford  County,  and  is 
•ossed  by  the  same  inorainic  systems  as  the  latter,  the  interlobate 
loraine  being  in  the  southwest  corner  and  the  strong  moraine  north 
F  it  running  through  the  center  in  a  course  south  of  east. '  There  is 

large  amount  of  till  plain  ])etween  the  two  moraines  in  the  south 
ad  also  a  till  plain  in  the  east.  On  these  till  plains  the  water  table 
\  generally  near  the  surface,  portions  of  them  being  swampy;  but  the 
loraines  are  of  gravelly  constitution  and  the  water  table  is  near  the 
3vel  of  their  bases  or  but  little  higlier  than  in  the  till  plains.  The 
loraines  have  reliefs  of  50  to  100  feet  or  more  and  the  wells  along 
hem  are  of  corresponding  depths.  In  the  northeast  there  is  con- 
iderable  swamp  underlain  with  sand;  tliis  is  unsettled,  but  there  are 
ettlements  on  its  northwestern  border  at  Stratford  and  Moorestown. 
^orth  of  this  swamp,  along  tlie  border  of  Kalkaska  County,  is  a 
norainic  belt  which  crosses  to  the  north  side  of  Manistee  liiver  near 
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the  northwest  comer  of  the  county.     This  morainic  belt  also  is 
largely  unsettled. 

The  greater  part  of  the  county  drains  southeastward  into  Muskegon 
River,  but  the  northwestern  part  is  tributary  to  Manistee  River.  In 
the  western  part,  near  Jennings  and  Lake  City,  there  is  a  group  of 
lakes,  one  of  which  is  drawTi  on  for  the  water  supplies  of  those  towns. 

FLOWING  WEULS. 

In  tliis  district  are  tliree  flowing  wells,  one  at  and  two  near  Dolph 
post-office,  in  the  Muskegon  Valley,  in  the  eastern  part  of  the  county. 

DOLPH  DISTRICT. 

The  well  at  Dolph  is  owned  by  F.  L.  Witherell,  and  has  a  depth  o( 
62  feet.  It  stands  on  ground  about  8  feet  above  Muskegon  River, 
and  has  a  head  of  8  feet  and  a  flow  of  about  9  gallons  a  minute.  It 
penetrated  blue  clay  and  ^' putty  sand''  to  thfe  flow  at  36  feet.  The 
well  was  continued  to  greater  depth  in-order  to  strike  gravel,  but 
found  only  fine  sand  in  the  lower  portion. 

A  short  distance  north  of  Dolph,  in  sec.  34,  Butterfield  Township, 
also  in  the  Muskegon  Valley,  is  the  flowing  well  of  Elisha  Clifford, 
about  40  feet  in  depth. 

Another  flowing  well  was  made  by  a  Mr.  Bowman  on  a  tributary  of 
Muskegon  River  northeast  of  Dolph,  in  the  edge  of  Roscommon 
County,  but  tliis  was  not  visited. 

McBAIN  DISTRICT. 

East  of  McBain,  in  sec.  21,  Riverside  Township,  is  the  flowing  well 
of  Jolui  (lates,  M  feet  in  depth,  with  a  head  of  at  least  2  feet.  It 
struck  water  at  4  feet  and  found  it  all  the  way  down.  The  well  cost 
$12. 

There  is  a  flowing  well  at  D.  G.  S[)rekseirs,  li  miles  east  and  1  mile 
south  of  McBain,  about  25  feet  in  depth. 

William  l)e  Zwaan  has  a  flowing  well  about  40  feet  deep  located  3 
miles  east  and  one-half  mile  north  of  McBain. 

There  is  also  reported  to  be  a  flow,  made  by  some  hunters  or 
campers,  in  an  unsettled  tract  near  the  edge  of  Osceola  County, 
southeast  of  McBain. 

The  extent  of  this  district  and  the  number  of  flow^s  can  probably 
be  greatly  increased,  for  the  high  moraine  to  the  west  forms  a  good 
catchment  area.  The  flows  near  Dol[)h  also  lie  east  of  a  strong 
moraine,  and  it  is  probable  that  this  district  mav  be  extended  along 
Muskegon  River  and  its  tributaries.  Much  of  that  country  is  unset- 
tled, so  there  has  been  no  demand  for  wells. 
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WATERWORKS. 

LAKE   CITT. 

The  waterworks  plant  at  Lake  City  is  owned  by  a  private  company, 
d  water  is  pumped  from  Lake  Missaukee.  It  is  largely  used  for 
inking  as  well  as  for  fire  and  sprinkling.  It  is  soft  enough  for 
mdry  use  and  in  boilers.  Some  residents  consider  this  supply  less 
tisfactory  for  drinking  than  wells. 

JSHHIHOB. 

The  waterworks  at  Jennings  are  op)erated  by  a  private  company, 
id  the  supply  is  drawn  from  Lake  Missaukee.  The  water  is  soft 
lough  for  boiler  and  laundry  use.  Wells  are  in  common  use  for 
rinking,  as  there  is  some  distrust  of  the  safety  of  the  lake  waters, 
"he  wells  are  usually  60  to  80  feet  deep. 


Town. 


uow... 
cBain. 


MISCELLANKOUS  VILLAGE  SUPPLIES. 

Village  Supplies  in  Misttaukce  County. 
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WATER  SUPPLIES  OF  ROSCOMMON  COUNTY. 

By  Fkank  Leverett. 

General  statement, — Roscommon  County  is  situated  east  of  Mis- 
iukee  County,  and  embraces  a  lii^h  table-land  in  which  Muskegon 
^iver  and  south  branch  of  Au  Sable  River  have  their  sources.  The 
ead  of  the  Muskegon  is  in  Iliggins  Lake,  which  Ues  at  an  altitude  of 
bout  1,150  feet  and  embraces  an  area  of  several  square  miles,  bor- 
ered  on  the  north  by  a  moraine  which  rises  above  1,200  feet.  The 
itlet  leads  into  Houghton  Lake,  a  body  of  water  about  10  miles  long 
ad  4  miles  wide,  whose  altitude  is  about  1,125  feet.  In  the  south- 
istem  part  of  the  county  is  a  prominent  moraine  of  the  Saguiaw  lobe 
hose  highest  points  are  fully  1,400  feet  a])ove  tide.  On  the  ])orders 
f  Houghton  Lake  and  eastward  across  the  county  to  Lake  St.  Helen 
fe  extensive  swam[)s,  underlain  in  large  ])art  by  clay.  Between  this 
vampy  tract  and   thr  high  moraine  in  the  southeast  are  extensive 

IBB  183— <M) 1*1 
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sand  plains,  parts  of  which  are  being  developed  as  a  forest  resent 
On  these  sand  plains  the  distance  to  water  is  but  a  few  feet,  and  bt 
in  them  are  occupied  by  swamps  and  small  lakes.  There  are  semi 
small  groups  of  hills  scattered  over  the  county,  which,  being  a 
posed  largely  of  gravel  and  sand,  probably  have  a  water  table  tteoi- 
siderable  depths.  The  water  table  also  is  at  considerable  depth  k 
the  high  moraine  in  the  southeast. 

The  county  is  very  sparsely  settled,  the  population  in  1900  bof 
but  1,787,  of  whom  465  were  in  Roscommon  village.  Most  of  th 
farming  is  done  in  Richfield  and  Markey  townships. 

Flomin^  wells, — At  the  west  end  of  Houghton  Lake  there  is  a  ij 
about  30  feet  deep,  which  flows  at  a  level  8  feet  above  MuskegDi 
River,  on  the  bank  of  which  it  stands.     It  is  largely  through  blue  til 

Another  flowing  well,  noted  in  the  Missaukee  County  discuaaoi 
(p.  304),  is  a  few  miles  southwest  of  Houghton  Lake,  on  the  farm  of  Jir. 
Bowman. 

So  far  as  known  these  are  the  only  flowing  wells  in  the  countj,  boi 
it  is  probable  that  others  might  be  had  from  Houghton  Lake  south- 
westward  into  Missaukee  Coimty  in  the  swamp  traversed  by  Mud»- 
gon  River.  Whether  flowing  wells  could  be  obtained  on  Au  Sibfc 
River  has  not  been  determined.  The  stream,  however,  follows  tie 
base  of  a  prominent  ridge  near  Roscommon,  which  may  furnish  held 
for  flows. 

In  the  vicinity  of  Houghton  Lake,  on  the  Hall  farm  and  at  Kinfi 
store,  wells  on  ground  25  feet  above  the  lake  have  been  sunk  to  depda 
of  50  to  75  feet.  At  Prudenville,  a  little  farther  east,  the  wells  are  onlf 
12  to  24  feet  in  depth,  and  at  St.  Helen,  on  the  border  of  Lake  St 
Helen,  they  are  only  8  to  10  feet.  At  Nolan  lumber  camp,  on  the 
south  side  of  the  prominent  moraine  in  the  southeastern  part  of  the 
county,  wells  are  8  to  30  feet  in  depth,  and  in  the  vicinity  there  iR 
large  springs.  The  wells  in  the  neighborhood  of  Herbert  post-<to 
are  14  to  40  feet  in  depth. 

WaUnvorks. — The  village  of  Rosconmion  has  a  small  waterworks 
system  in  which  a  windmill  pumps  water  from  a  spring  brook  to  la 
elevated  tank  about  16  l)y  22  feet,  from  which  water  is  distribute 
through  about  2  miles  of  mains  to  all  parts  of  the  village. 

WATER  SUPPLIES  OF  ALCONA  COUNTY. 

By  Frank  Leveuett. 

General  statement. — Alcona  County  fronts  on  Lake  Huron  iiorth* 
Saginaw  Bay,  Harrisville  being  the  county  seat.  It  is  more  clevatrf 
than  counties  to  the  nortli  and  south,  there  being  a  belt  of  high  coun- 
try fronting  on  the  lake  above  Harrisville,  which  extends  westwaw 
across  the  northern  ]>art.  The  highest  points  in  the  northwesteni 
Dart  reach  about  1,200  feet  above  tide,  and  there  are  probably  W 


ALCONA  COUNTY.  307 

re  miles  in  the  western  part  that  stand  above  1,000  feet.  About 
3-fourths  of  the  county  stands  between  700  and  900  feet  ai)ove 
3ea.  The  lowland  bordering  the  lake  is  limited  to  a  strip  about 
lies  wide  at  the  south  border  and  3  miles  at  the  north  border, 
*.h  is  narrowed  to  less  than  1  mile  in  the  middle  part  of  the  county. 
lie  drainage  is  nearly  equally  divided  between  the  Thunder  Bay 
3r  and  Au  Sable  River  systems,  the  north  half  being  drained 
hward  to  Thunder  Bay  River  and  the  south  half  southward  and 
ward  to  Au  Sable  River.  A  narrow  strip  on  the  border  of  Lake 
on  is  drained  by  Black  River  and  other  small  direct  tributaries  to 
lake.     Au  Sable  River  crosses  the  southwest  corner  of  the  county 

deep  and  broad  valley,  but  receives  no  important  tributaries  in 
i  part  of  its  course.  Pine  River,  with  its  numerous  tributaries, 
ns  six  townships  in  the  southeast  and  enters  the  Au  Sable  in  Iosco 
nty.  The  principal  tributaries  of  Thunder  Bay  River  in  Alcona 
nty  are  Hubbard  Lake,  with  its  main  affluents,  Sucker  Greek,  and 
^bard  Creek  in  the  northeastern  part,  and  Wolf,  McGinn,  Silver, 

Wildcat  creeks  in  the  northwestern  part.  Hubbard  Lake  is  a 
y  of  water  7  miles  in  length  and  nearly  2  miles  in  average  width, 
dered  on  all  sides  by  ranges  of  hills.  There  are  numerous  other 
38  scattered  over  the  county. 

t  is  only  in  the  eastern  portion  of  the  county  that  wells  are  suffi- 
itly  numerous  to  test  the  supply  of  underground  .water,  and  even 
re  only  to  slight  depths.  In  the  thinly  settled  central  and  western 
tions  springs  and  surface  water  are  generally  adequate  to  the  needs 
the  residents,  and  the  few  wells  made  are  usually  between  15  and 
feet  in  depth.     In  the  eastern  portion  wells  that  are  sunk  beyond 

surface  water  veins  vary  greatly  in  depth  and  in  strength,  because 
^he  differences  in  texture  of  the  drift.  They  indicate  that  a  wide- 
ead  bed  of  sand  occurs  under  the  surface  clay  in  the  eastern  ])art  of 

county,  which  is  often  dry  for  a  few  feet  but  is  charged  with  water 
iher  down.  In  such  wells  there  is  litt  e  rise  of  the  water  above  the 
il  at  which  it  is  struck. 

^lowing  wells. — It  is  probable  that  flowing  wells  may  be  obtained 
everal  localities  within  the  county  by  sinking  to  a  depth  of  100  to 
feet  or  less,  for  the  situation  is  very  similar  to  that  in  the  flowing- 
l  districts  to  the  southwest  at  Rose  City  and  West  Branch,  in 
imaw  County.  One  favorable  belt  is  on  the  eastern  slope  of  a 
*aine  leading  from  Lott  northward  across  tps.  25,  26,  and  27  X., 
5  E.  Flows  may  perhaps  be  obtained  in  the  southeastern  part  of 
i7  N.,  R.  5  E.,  and  northwestward  past  McColliim  Lake.  If  the 
sheet  pushed  up  into  that  region  from  the  northeast,  as  seems  prob- 
3,  the  waters  that  soak  in  along  the  elevated  moraine  that  const i- 
9s  the  divide  between  Au  Sable  and  Thunder  Bay  rivers  are  likely 
)e  working  down  the  slopes  in  the  direction  of  surface  drainage,  and 
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may  have  sufficient  liead  to  overflow  in  the  comparatively  low  tracts 
near  the  head  of  Wolf,  Silver,  and  McGinn  creeks,  and  possibly  for 
some  distance  down  these  streams. 

In  the  eastern  part  of  the  county  flowing-well  prospects  seem  good 
along  the  lake  shore,  and  flows  may  also  be  struck  in  low  ground  at 
the  headwaters  of  tributaries  of  Hubbard  Lake  and  of  the  e^st  ai 
west  branches  of  Pine  River.  One  flo>\dng  well  has  already  been 
obtained  near  a  branch  of  Pine  River  in  se<5.  11,  T.  26  N.,  R.  8  E.,at 
the  moderate  depth  of  65  feet,  which  is  at  least  an  encouragement  to 
pros{)ect  for  others  in  similar  situations  along  each  side  of  this  divide. 
The  well  referred  to  is  on  the  land  of  Frank  Blong,  2  miles  southwest 
of  liincoln.  It  penetrated  clay  18  feet,  gravel  (with  weak  water  vein) 
8  inches,  clay  with  hard  crust  at  about  30  to  35  feet  from  the  surface 
and  softer  day  below  at  44  feet,  and  tenninated  in  gravel  which  yielded 
a  flow  of  water.  The  altitude  is  about  120  feet  above  Lake  Huron, 
or  700  feet  above  tide. 

Springs. — Large  springs  abound  along  the  lake  front  from  near 
Greenbush  northward  i)ast  Springport  and  Harrisville,  w^hich  supply 
the  needs  of  residents  to  such  an  extent  that  but  few  wells  have  been, 
made.  Springs  also  abound  along  the  headwaters  of  the  several 
branches  of  Pine  River  and  on  nearly  every  stream  tributary  to 
Thunder  Bay  River.  The  water  seeps  out  in  such  abundance  that, 
most  of  the  streams  are  bordered  by  marshy  tracts. 

MiscfUaneoufi  villafje  supplies. — At  Harrisville  springs  issuing  along: 
the  border  of  tlie  lake  have  furnished  most  of  the  residents  with  water. 
In  the  winter  of  1903  and  1004  a  boring  was  made  to  test  for  oil  and 
gas  and  flowing  water.     It  was,  however,  located  on  the  court-hou&^ 
grounds  at  an  altitude  GO  feet  above  the  lake  and  a  flow  was  no^ 
obtained.     Before  reaching  a  depth  of  40  feet  the  well  struck  t^'^ 
strong  veins  of  water,  estimated  to  supply  150,000  gallons  a  day  froti'^ 
an  S-inch  pipe.     Another  supply  was  found  at  100  to  130  feet  in  sai^^ 
below  liar(l|)an,  and  still  another  was  found  in  the  Berea  sandstone  ^* 
2:^0  to  'J()()  (oci.     The  boring  was  carried  to  a  depth  of  506  feet  an^ 
has  tlie  following  section,  furnished  by  J.  II.  Killmaster,  of  Harrisville 

Utcorti  of  Unrnsville  wtU. 
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At  Black  River  village  water  is  hauled  from  the  lake  and  delivered 

barrels  to  the  residents,  the  lake  water  being  of  better  quality  than 
lat  obtained  in  shallow  wells. 

At  Greenbush  wells  25  to  30  feet  deep  furnish  a  good  quality  of 
ater  and  are  largely  through  sand  and  gravel. 

At  Lincoln  lakes  are  used  to  a  great  extent  for  watering  stock,  but 
he  houses  are  supplied  by  wells  30  to  40  feet  in  depth. 

In  and  near  Mikado  wells  are  about  30  feet  in  depth,  largely  through 
lay.  Farm  wells  in  the  vicinity  of  the  village  have  been  sunk  to 
lepths  of  60  or  70  feet. 

At  Killmaster  there  is  abundance  of  water  at  various  depths,  as 
hown  by  three  deep  borings  made  in  prospecting  for  oil.  Fresh 
ater  overflows  from  the  base  of  the  drift  at  depths  of  about  240  feet, 
id  salt  water,  accompanied  by  inflammable  gas,  is  struck  in  the 
erea  sandstone  at  570  to  610  feet.  In  one  of  the  borings  gas  had 
>rked  up  into  the  base  of  the  drift.  No  water  was  found  below  the 
^rea  sandstone,  although  one  of  the  borings  was  carried  to  a  depth 

1,530  feet.  These  wells  are  discussed  by  Doctor  Lane  in  the 
miial  Report  of  the  State  geologist  for  1901. 

A.t  Vaughn  wells  ordinarily  obtain  a  good  supply  of  water  at  about 
feet,  and  they  are  of  similar  depth  in  the  vicinity  of  Lott. 
\t  Spruce,  in  the  north  part  of  the  county,  wells  are  obtained  at 
:>ths  of  20  to  25  feet  or  less,  but  several  farm  wells  in  that  vicinity 
^re  been  sunk  to  depths  of  80  to  100  feet. 

Village  supj)lies  in  Alcona  County. 
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WATER  SUPPLIES  OF  OSCODA  COUNTY. 
By  Frank  Leverett. 

Oscoda  County  is  situated  west  of  Alcona  County,  with  Mio  as  its 
county  seat.  About  half  its  surface  is  occupied  by  sandy  plwns 
unsuited  for  settlement,  and  much  of  the  remainder  is  in  sharp 
morainic  ridges  of  gravelly  or  sandy  constitution  not  calculated  fw 
successful  farming.  There  are,  however,  fertile  tracts  to  the  nwdh 
east  near  Fairview,  to  the  northwest  toward  Redoak,  and  to  the 
southwest  between  Mio  and  Luzerne.  The  entire  population  of  the 
county  in  1900  was  only  1,468;  Mentor  Township,  including  the  vil- 
lage of  Mio,  is  credited  with  a  population  of  119.  Au  Sable  River 
runs  through  the  county  nearly  centrally  from  west  to  east  in  a  val- 
ley 50  to  1 00  feet  below  the  bordering  sand  plains,  draining,  with  its 
tributaries,  all  of  the  county  except  a  narrow  strip  on  the  north  edge, 
which  discharges  northward  to  Thunder  Bay  River. 

Tlie  drift  is  probably  several  hundred  feet  in  thickness,  but  nowells 
have  vet  reached  rock.  Several  in  the  vicinity  of  Fairview  are  over 
200  feet  in  depth,  and  are  largely  through  sand.  At  Mio  the  dug 
wells  are  50  feet,  and  bored  wells  in  that  vicinity  are  100  to  150  feet. 
There  are  few  places  in  the  county  where  wells  can  be  obtained  at 
less  than  50  feet,  except  in  the  valleys. 

The  village  of  Mio  has  a  public  wat^r  supply,  built  in  1889,  in 
which  water  is  pumped  from  a  spring  brook  to  an  elevated  tank. 
It  is  credited  by  the  Manual  of  American  Waterworks  with  0.6  mile 
of  mains,  four  hydrants,  and  18  taps,  all  of  which  are  reported  to 
have  cost  S2,S44.  This  yields  an  annual  income  of  $1,000  paid  by 
the  village  for  fire  j)r()tection  and  about  $100  from  other  sources. 

ViUage  fnipjiie,^  of  Oacoda  County. 
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WATER  SUPPLIES  OF  CRAWFORD  COUNTY. 

By  Frank  LEyERETX. 

Crawford  County  is  situated  on  the  hitj:h  table-land  in  the  northern 
end  of  the  Southern  Peninsula  al)()ut  midway  between  Lake  Huron 
and  Lake  Michij^an,  Gra^^lin^  being  the  county  seat.  Its  Yrestem 
side  drains  westward  to  Lake  Michi^aw  1\m:ow^  M^xdatiOA  River,  but 
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b3ie  major  part  of  the  county  drains  eastward  through  Au  Sable  River. 
Ets  glacial  drainage,  however,  was  westward  past  Portage  Lake  to 
Sif anistee  River.     This  county,  Uke  Oscoda,  is  very  largely  occupied 
"by  sandy  plains  or  by  moraines  of  loose-textured  drift.     The  prin- 
•«3ipal  part  of  the  farming  is  in  Maple  Forest  Township,  in  the  northern 
'ipart  of  the  county,  and  three  towns  in  that  part  of  the  county,  Judge, 
^IVederick,  and  Deward,  are  largely  devoted  to  lumbering.     There 
•re  several  good  farms  in  the  southern  end  of  the  county  a  few  miles 
northeast  of  Higgins  Lake.     The  township  in  which  Grayling  is  situ- 
ated had  a  population  of  1,716  in  1900,  a  large  part  of  which  are 
"irithin  the  village  limits. 

The  wells  throughout  the  county  appear  to  be  to  a  water  table  in 
harmony  with  the  inland  lakes  and  streams,  and  the  drift  so  far  as 
penetrated  by  them  is  mainly  sand  and  gravel. 

In  GrayUng,  which  is  on  a  plain  but  little  above  Au  Sable  River, 
the  wells  are  20  feet  in  depth,  and  water  stands  within  13  feet  of  the 
surface. 

At  Judge  the  conditions  are  very  similar  to  those  at  Grayling,  wells 
being  commonly  from  16  to  20  feet  deep,  or  about  to  the  level  of  the 
north  fork  of  Au  Sable  River.  On  moraines  near  Judge  a  depth  of 
135  feet  is  reached  by  the  deepest  wells. 

At  Frederick,  wells  are  about  40  feet  in  depth  with  the  water  level 
pierhaps  25  feet  below  the  surface.  On  the  moraine  east  of  Frederick, 
in  Maple  Forest  Township,  wells  are  usually  nearly  100  feet  and  in 
some  cases  about  200  feet  in  depth,  with  but  a  few  feet  of  water  in 
the  bottom. 

At  Deward,  in  the  valley  of  Manistee  River,  wells  need  to  be  driven 
only  10  to  20  feet. 

In  the  southern  part  of  the  county  near  Wellington  the  wells  range 
from  30  to  200  feet  in  depth,  the  deepest  being  on  morainic  ridges, 
and  the  shallowest  in  valleys.  On  most  farms,  however,  wells  are 
obtained  at  50  to  100  feet. 

The  distance  to  rock,  as  determined  by  a  boring  at  Grayling,  is 
365  feet,  making  the  rock  surface  775  feet  above  tide  at  that  point. 
The  drift  here  is  largely  sand  and  filled  with  water.  This  boring, 
which  reached  a  depth  of  2,750  feet,  is  discussed  by  Doctor  Jjane  in 
the  report  of  the  State  geologist  for  1901.  The  highest  points  in 
the  county  are  nearly  1,400  feet  and  the  drift  beneath  them  is  liable 
to  be  over  600  feet,  if  we  may  judge  by  the  altitude  of  the  rock  at 
the  Grayling  well. 

At  Rosconmion,  just  south  of  the  county  line,  a  boring  was  made 
many  years  ago  which  is  thought  to  have  reached  rock  at  about  the 
same  level  as  that  at  Grayling,  but  no  accurate  record  is  now  to  be 
obtained. 
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WATER  SUPPLIES  OF  KALKASKA  COUNTY. 
By  Frank  Lev^rett. 

General  statement. — Kalkaska  County  lies  west  of  Crawford  Comity, 
on  the  western  slope  of  the  high  tract  in  the  northern  part  of  the 
peninsula.  Its  eastern  and  southern  parts  are  drained  by  Manistee 
River  and  its  northwestern  parts  by  Board  man  and  Rapid  rivers. 
The  part  south  of  Manistee  River  has  a  small  settlement  around 
Fletcher,  in  the  southeastern  township,  where  there  are  a  few  square 
miles  of  good  farming  land,  but  the  remainder  has  scarcely  any  set- 
tlers. The  eastern  townships  north  of  .the  river  have  only  lumber 
camps.  The  principal  farming  district  in  the  county  is  on  a  morainic 
belt  lying  east  of  the  Grand  Rapids  and  Indiana  Railway  and  run- 
ning entirely  across  the  county  from  its  north  border  to  it^  south- 
west comer.  The  railway  runs  through  a  sandy  plain  several  miles 
wide  that  is  largely  unsettled.  In  the  northwestern  part  of  the 
county  is  another  morainic  belt  which  is  nearly  all  settled.  The 
northwest  comer  is  on  a  low  sandy  plain  bordering  Torch  and  Round 
lakes. 

WeU-fi. — The  only  flowing  wells  noted  in  this  county  are  in  the 
southwestern  part  near  Fife  Lake.  Walton  Blue  has  a  well  in  a 
valley  near  the  center  of  sec.  7,  Springfield  Township,  22  feet  in 
depth,  wliich  flows  a  weak  stream.  About  a  mile  southeast,  at  an 
old  sawmill  site,  in  the  western  part  of  sec.  17,  is  a  flowing  well 
63  feet  deej),  which  discharges  a  1-inch  stream. 

It  is  probable  that  flowing  wells  may  be  obtained  in  the  vicinity 
of  Rapid  City  and  Barker  Creek  at  the  foot  of  the  moraine  in  the 
northwest  part  of  the  county,  for  they  have  been  obtained  in  simi- 
lar situations  a  f(nv  miles  to  the  west  at  WilHamsburg  and  Traverse 
City.     (See  pp.  315-324.) 

The  wells  in  the  Fletcher  settlement  go  down  60  to  70  feet  to 
water  and  have  very  little  head. 

In  the  nioniini*  east  of  the  Grand  Rapids  and  Indiana  Railway 
wells  run  from  40  to  over  100  feet,  the  ground-water  table  being 
generally  al)out  on  a  Ic^vel  with  the  inland  lakes  and  streams.  The 
moraine  is  loose  textunni  and  larg(»ly  gravel  and  sand  below  a  few 
feet  of  surface  till. 

In  the  sand  plain  along  the  railway  wells  are  also  sunk  to  a  gen- 
eral water-tal)l(»  in  harmony  with  the  streams  and  lakes,  and  range 
in  de{)th  from  10  feet  near  Kalkaska  to  about  80  feet  in  the  northern 
part  of  the  county.  The  moraine  in  the  northwestern  part  has  wells 
of  various  depths  from  25  to  200  feet,  there  being  no  general  water 
table.  The  deep  wells,  however,  go  to  a  level  about  as  low  as  the 
sandy  plain  in  the  northwest  corner.     On  that  plain  water  is  only  a 
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■eet  below  the  surface,  or  in  harmony  with  Torch  and  Round 

far  as  ascertamed  no  wells  have  reached  rock,  and  it  is  proba- 
hat  the  rock  surface  lies  at  a  depth  of  several  hundred  feet 
ighout  the  county. 

IsceUanecms  village  supplies. — Barker  Creek  is  on  the  slope  of 
noraine  south  of  Round  Lake,  in  the  southwestern  part,  at  a 

about  40  feet  above  the  lake,  or  630  feet  above  tide.     Wells 
n  water  at  16  feet,  and  there  are  large  springs  in  the  vicinity 
li  supply  part  of  the  residents, 
pid  City  is  on  the  sand  plain  near  Torch  I^ake,  and  has  wells 

20  feet  deep. 

ilkaska,  the  county  seat,  is  on  Boardman  River,  and  wells  are 
ned  at  10  to  24  feet.  There  is  a  waterworks  plant,  which 
3s  its  supply  from  the  river,  and  is  mainly  used  for  fire  protec- 
and  street  sprinkling.  The  water,  both  in  wells  and  river,  is 
mough  for  laundry  and  boiler  use.  In  wells  10  to  16  feet  deep 
softer  than  in  the  deeper  ones,  probably  because  of  more  thor- 

leaching  of  the  upper  part  of  the  sand. 

low  are  given  two  partial  analyses, — one  of  a  shallow-well  water 
)ne  of  a  river  water  at  Kalkaska.  There  has  been  much  typhoid 
le  town,  and  the  shallow  waters  must  be  regarded  as  unsafe, 
data  were  furnished  by  M.  O.  Leighton,  of  the  United  States 
)gical  Survey. 

Partial  analyses  of  loeU  and  river  uxiter  at  Kalkaska . 
[  Parts  per  million.] 
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etsville,  though  in  the  same  sand  plain  as  Kalkaska,  is  50  feet 
IT,  and  has  wells  ci)rr(\s[)()ndingly  deeper,  the  usual  depth  being 
et. 

Westwood,   which  is  north  of  Leetsville  on   the  sand   plain, 

are  50  to  60  feet  deep. 

South  Boardman  wells  are  18  to  40  feet,  the  town  being  on 
meven  slope  of  the  moraine  that  lies  east  of  the  Grand  Rapids 
Indiana  Railway. 

Spencer  and  wSharon  wells  are  only  12  to  20  feet  deep,  for  they 
>n  low  tracts  bordering  Manistee  River. 
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WATER  SUPPLIES  OF  GRAND  TRAVERSE  COUNTY. 
By  Frank  Leverett. 
OEXKRAL.  STATEMENT. 

Grand  Traverse  County  is  situated  at  the  south  end  of  Grand  Trav- 
erse Bay,  with  Traverse  City  as  the  county  seat.  The  south  end  of 
the  county  is  occupied  by  an  elevated  moraine,  with  a  southern  out- 
wash  apron  extending  into  Wexford  County.  North  of  this  is  t 
broad  gravel  plain  traversed  by  Boardman  River  to  the  meridian  of 
Traverse  City,  and  continued  westward,  past  a  group  of  lakes  near 
Interlochen,  into  Benzie  County.  This  gravel  plain  is  an  outwash 
apron  from  a  morainic  belt  that  sweeps  aroimd  the  head  of  Grand 
Traverse  Bay  in  the  northern  part  of  the  coimty.  Traverse  City 
stands  in  a  recess  on  the  inner  border  of  this  moraine,  and  its  numer- 
ous flowing  wells  are  fed  from  the  water  absorbed  by  the  moraine. 
The  peninsula  which  runs  northward  between  the  arms  of  Grand 
Traverse  Bay  is  occupied  by  a  rather  porous  drift  beneath  the  surface 
coating  of  till,  so  that  underground  drainage  is  very  eflficient. 

Throughout  much  of  the  county  the  water  table  appears  to  be 
nearly  as  low  beneath  the  moraines  and  elevated  gravel  plains  as  the 
surface  of  the  neighboring  streams  and  lakes,  and  wells  ordinarily  go  to 
depths  corresponding  to  the  relief  of  the  well  mouths  above  the  nearest 
stream  or  lake.  On  the  gravel  plain  in  the  south  part  of  the  county, 
and  the  moraine  of  which  it  is  the  outwash,  wells  are  ordinarily  from  75 
to  190  feet  in  depth,  those  near  the  crest  of  the  moraine  being  deeper 
than  on  the  plain  to  the  south.  Several  wells  aroimd  Summit  City  are 
over  100  f(»et  in  depth,  but  the  common  depth  is  35  to  50  feet. 

At  Fife  Lake  and  Walton,  which  stand  but  Uttle  above  the  drainage 
lines,  wells  are  obtained  at  about  30  feet. 

West  of  Traverse  City  is  a  prominent  moraine  in  which  the  depth  to 
water  is  in  some  places  very  great.  Henry  Sochleben  has  a  well  near 
the  center  of  sec.  6,  T.  27  N.,  R.  11  W.,  which  is  293  feet  in  depth  and 
was  entirely  through  sand  after  penetrating  about  5  feet  of  surface 
clay;  water  rises  in  it  only  15  feet  from  the  bottom.  R.  Wiedoft,  on 
the  west  side  of  the  same  section,  at  a  level  perhaps  75  feet  lower,  has 
a  well  220  feet  deep,  with  but  a  few  feet  of  water  in  the  bottom.  L. 
Ruthart,  in  the  northwest  part  of  sec.  5,  has  a  well  230  feet  deep  which 
penetrated  considerable  blue  clay  and  has  20  feet  of  water. 

On  the  peninsula  records  of  wells  near  the  highest  points  show  that 
water  is  struck  at  about  the  level  of  Grand  Traverse  Bay,  Joseph 
Eiman  has  one  180  feet  and  WiUiam  Ayers  one  197  feet  in  depth  in 
the  northwestern  part  of  sec.  10,  T.  29  N.,  R.  10  W.,  both  of  which 
strike  water  in  gravel  practically  at  the  level  of  Grand  Traverse  Bay. 
There  are,  however,  wells  on  this  peninsula  which  obtain  a  fair  amoimt 
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jf  water  at  moderate  depths,  this  probably  being  due  to  the  presence 
}f  a  nucleus  of  clay  beneath  the  looser  textured  drift,  which  prevents 
;he  water  from  sinking  down  to  the  level  of  the  bay. 

The  flowing  wells  of  Traverse  City  and  of  Williamsburg,  a  village 
.2  miles  east,  are  discussed  below  by  Mr.  Gregory.  These,  so  far  as 
mown,  are  the  only  flowing  wells  in  the  county.  It  is  probable,  how- 
ver,  that  flowing  wells  may  be  obtained  along  the  north  shore  of  the 
i^  moraine  in  the  south,  for  the  situation  is  similar  to  that  at 
Werse  City  and  Williamsburg,  and  it  is  a  region  of  strong  springs, 
"hey  may  also  be  obtained  some  distance  up  Boardman  River  from 
"raverse  City,  and  aroimd  Fife  Lake,  as  they  have  already  been  found 
i  the  neighboring  part  of  Kalkaska  County. 

MISCCLJiAKEOUS  VILLAGE  SUPPLIES. 

At  Interlochen  wells  are  driven  to  depths  of  12  to  22  feet  to  a  water 

ble  in  harmony  with  neighboring  lakes. 

At  Karlin  the  wells  are  about  40  feet  and  have  very  little  head. 

At  Mayfield  the  depth  ranges  from  12  to  30  feet. 

At  Old  Mission  the  wells  are  20  to  50  feet  deep. 

At  Siunmit  City  the  common  depth  is  35  to  50,  but  the  range  in 

pth  is  from  14  to  112  feet. 

At  Monroe  Center  the  wells  are  from  25  to  30  feet  in  depth. 

At  Cedar  Rim,  in  the  northwest  comer  of  the  county,  is  a  very 

rong  spring,  which  suppUes  most  of  the  inhabitants.     The  weUs  in 

at  vicinity  range  from  8  feet  to  150  feet,  the  deep  ones  being  on  the 

5vated  land. 

FLOWING  WELLS.O 

WILUAKSBXTSO  AREA. 

The  WiUiamsburg  area,  less  than  three-fourths  of  a  square  mile  in 
tent  (see  fig.  61),  is  located  on  the  banks  of  a  small  creek  of  eastern 
•and  Traverse  County.  With  a  general  elevation  of  690  feet  this 
ea  is  bordered  by  moraines  and  outwash  plains  having  an  elevation 
800  feet.  The  precise  limits  of  the  district  have  not  been  outlined, 
few  trials  for  flows  have  been  made  along  the  border  of  the  area, 
lich  appears  to  be  confined  almost  to  the  village  itself. 
Out  of  23  wells  in  this  region  20  flow,  furnishing  an  abundant  supply 
water  for  domestic  and  stock  purposes. 

The  first  well  was  drilled  in  1892,  on  the  property  of  Mr.  J.  H.  Bis- 
Q  (No.  4),  and  is  still  flowing,  with  no  perceptible  decrease.  The 
mperature,  quality,  and  abundance  of  the  water  are  such  that  it  has 
en  utflized  by  Mr.  Bissell  for  a  State  fish  hatchery.  It  is  valuable 
r  keeping  in  equable  and  natural  condition  the  young  fry.     This  use 

a  By  W.  M.  Gregory. 
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of  water  could  be  ])rofitably  extended  to  some  of  the  other  flowing, 
well  districts  in  the  northern  part  of  the  State. 

The  wells  are  vA\  driven;  a  few  have  screens  and  points,  but  the 
large  number  have  simply  galvanized  pipes  driven  to  the  water  bedi 
The  average  cost  of  the  wells,  with  2-inch  pipe,  is  $1  a  foot,  thou^ 
some  cost  less  when  made  by  the  owners.  The  average  cost  here  is 
somewhat  higher  than  in  other  r.re  .s,  owing  to  the  fact  that  wells  driTe 
harder  here  and  some  trouble  h::s  been  experienced  with  bowlders. 


i"'i<;.  i\\.    ('(Jiitinir  map  of  William<f>ur^  flowiiip-woll  d'strict. 

The  comhined  flow  of  the  20  wells  is  US. 5  gallons  a  minute,  t 
largest  How  (1:^0  gallons  a  iniiiutcO  Ix^ngat  the  fish-hatcher}' well (^ 
0).  Several  cases  have*  heoii  observed  of  decrease  in  head,  due 
drainage  of  one  woU  by  a  near  n(»iglil)()r  tap|)ing  the  same  water  1m 
but  no  general  change  in  flow  has  occurred. 

The  water  beds  which  supply  the  w(»lls  at  Williamsburg  are  two,  1 
upper  supplying  the  majority  of  live  wells.  (v^Y  \lw  lower  has  not  1m 
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flS    g|  M    +   ^   ^ 
O   0|  O    o    O   Q 
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enough  to  reveal  its  extent.     The  upper 

is  of  gravel  and  sand,  covered  by  a  few 
rdpan,  35  feet  of  clay  with  small  sandy 
1  10  feet  of  sandy  soil  at  surface.  The 
lations  of  a  water  bed  along  an  east-west 
3  shown  in  fig.  62.     The  wells,  with  the 

of  the  fish-hatchery  well  (No.  6),  are 
;  for  their  supply  on  this  bed  of  coarse 
d  sand.     A  section  (fig.  63)  north  from 
mson'  s  well  (No.  12)  brings  out  clearly 
L*t  dip  which  the  water  bed   has  to  the 
b  the  oO-foot  wells  at  the  Williamsburg 
indicate  that  this  dip  is  not  continued 
rth  as  regularly  as  the  profile  indicates. 
:)t  was  made  at  the  creamery  to  secure  a     o 
low  by  drilling  deeper  than  50  feet,  but     « 
\s  reported  mostly  hard  clay  from  50  to     g; 
.\  ith  no  water.     Several  attempts  about     r 
){  this  basin  have  been  made  to  pene-     ^ 
water  beds.     At  Mr.  Lidell's  farm  a  well     5 
00  feet  deep  failed  to  secure  water,  which     § 
^e  due  to  the  fact  that  the  w  ater  beds  are     | 
urface  and  are  easily  overlooked  in  drill-    | 
s  liappened  in  other  locations.  j; 

ation  of  Williamslmrg  is  on  the  northern  | 
side  of  high  plains  of  morainal  outwash,  I 
icli  an  elevation  of  SOO  feet  just  outside     J 

of  the  village.     The  small  creek  of  the     | 

the   product   of  the   numerous   springs     | 

so  al)undant  along  the  edge  of  the  drift 
ation  of  740  to  760  feet  above  sea  level, 
ith  there  is  abundant  chance  for  a  catch- 
L  in  the  loose  porous  drift,  which  has  clay 
II,  as  is  indicated  l)y  some  of  the  small 
'h  exist  there.  • 

iter  is  used  throughout  the  village  for 
nd  domestic  purposes,  and  is  not  ctmsid- 
I,  lathering  frecOy  witli  ordinary  soap, 
jhows  its  hardness  to  he  near  that  of  the 
Irift  water.  Sulphates  and  iron  seem  to 
t,  and  the  two  Held  analvhcs  of  samples 
s  No.  10  and  2  show  how  water  from 
bed  is  a|)t  to  difftM'  in  carbonates.  The 
very  free  from  surface  contamination,  and  is  an  excellent 
ater.  Its  t(Mn{)erature,  purity,  and  freedom  from  silt  are  of 
Jiie  772  this  iv<ri()n  for  the  fish-hatcliery  WsvYve^^, 
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Analysis  ofvxtterfrom  wtU  at  WUliamMmrgA 

Paris  per 

Silica  (SiOa) &« 

Sulphate  radicle  (SO4) 7.8 

Carbonate  radicle  (CX),) 9a 41 

Chlorine  (CI) 2.© 

Sodium  (Na) 19 

Potassium  (K) 31 

Calcium  (Ca) : ^9i 

Iron(Fe) 5.K 

Aluminum  (Al) lU 

Magnesium  (Mg) 9.IB 

Lithium Tnci. 


Organic  matter. 


Analyst,  John  £.  Clark,  M.  D.,  Detroit  College  of  Medicine. 


Tno. 
17&S 


^"Surface 


23  (7  IB 
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620 
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^ly^c/hysjL 
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.^.A^.^J^^MMyUMM^<^^^'''' 


Fig.  63.— North-south  section  through  Williamsburg  district. 

AnaLysU  ofWeesh-Ko-WongflowiTuj  xoell  waler^  Williamsbvrfj.b 

Parts  per  million- 

Silica  (SiOo) 8.40 

Aluminum  (Al) 2.78 

Iron(Fe) 6.00 

Calcium  (Ca) 46.71 

Magnesium  (Mg) 9-96 

Sodium  (Na) 1.78 

Potassium  (K) .34 

Sulphate  radicle  acid  (SOJ 7.42 

Chlorine  ((M) 2.67 

Carlmnate  radicle  acid  (CX^a) 90.33 


176.45 


Analyst,  John  E.  Clark,  M.  1).,  Detroit  Collegia  of  Medicine,  March  6,  1893. 

Field  amdynes  of  vxiter from  urlis  at  WiUiamsburg. 
(I'arts  |M'r  million.] 


Hardnosa... 
Carbonates . 
Chlorides... 
Sulphates... 
Iron 


1.  Charles  Wills  (No.  16).    2.  Dr.  Prentice  (No.  2). 


1.      I 
1 


no  I        1^ 

n  I  0 


a  I«:xpres8ed  l)y  analyst  in  hypothetical  combinations:  recomputed  to  ionic  form  at  United  States 
Geological  Survey. 

ft  Kxpn?8sed  l)y  analyst  in  grains  per  gallon  and  hypothetical  combinations;  recomputed  to  ionic  form 
and  parts  per  railUon  at  United  States  Geological  Suryiiv . 
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Water  rose  18  feet  at  time  of  drilling;  has  decreased  to  3  feet  now.    Beds  penetrated  as  follows: 

k  loam  and  sand.  10  feet:  sand  and  clay,  30,  and  water  in  gravel  l>ed.  40  feet.    Well  driven  in  15 

rs;  throws  sand. 

Two  wells  at  fish  hatchery  have  some  sand  at  ton,  and  the  remainder  is  clay,  with  sheets  of  sand, 

±  contain  no  water,  but  are  a  hindrance  in  drillmg.    Water  from  bed  of  gravel  with  some  gand; 

>w  water  bed  is  a  compact  clay  bed  20  to  30  feet  thick. 

•Vater  broke  out  about  piixM.  and  has  reauired  many  cubic  yanis  of  flUing.  making  the  cost  high. 

iperature  said  to  be  43'  Noveml>cr  1,  1903. 

rnree  wells,  45, 49,  and  50  feet  deep.    Attempt  was  made  hero  for  deep  water  supply;  went  310  feet, 

lay,  no  water. 

Ickd  14  feet:  affects  other  wells  in  near  vicinity. 

x)wered  by  No.  16. 

actual  depth  not  known. 

aaid  10  feet;  clay,  with  sandy  sea  us,  40  foot:  hard,  compact  clay  8  feet;  gravel  water  bed. 

TBAVEB8E  CITT. 

The  flowing  wells  of  Traverse  City  are  confined  to  a  small  area  of 
square  miles  in  Farfield  TowTiship  at  the  head  of  West  Grand 
averse  Bay.  This  region  is  a  depression  in  the  drift  which  was 
ed  by  an  ice  tongue  of  the  Michigan  lobe  and  was  later  covered 
Glacial  lake  deposits  of  considerable  thickness,  as  revealed  by 
ep  wells  in  Traverse  City.  Flows  are  obtained  at  from  50  to  400 
"st  in  depth,  and  at  present  are  19  in  number,  yielding  abundant 
d  excellent  water.  These  wells  are  in  drift  material,  and  casing 
necessary,  as  much  sand  is  encountered  and  causes  considerable 
noyance.     The  wells  vary  from  3  to  8  inches  in  diameter  and 
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cost  on  the  average  about  $1  a  foot,  the  work  being  done  by 
tract  for  a  flow. 

The  total  flow  from  these  wells  is  1,092  gallons  a  minute, 
figures  being  based  on  measurements  made  by  well  drillers  at 
time  of  completion  of  the  various  wells  and  by  the  writer 
the  wells  were  freely  flowing.     In  a  special  report  of  the  wi 
supply  committee  of  the  Traverse  City  coimcil,  Mr.  G.  W. 
the  consulting  engineer,  expressed  doubt  as  to  the  abiUty  of 
ing  wells  to  furnish  a  sufficient  quantity  for  a  city  supply,  but  i 
flow  of  1,092  gallons  a  minute  would  be  ample.     A  few  of  the  ifA 
have    decreased    considerably.     The    Park    Place    Hotel   well,  lor. 
instance,  now  yields  only  half  its  former  flow,  according  to  Ik 
Fairbanks,  a  well  driller  of  Traverse  City.     The  first  well  in  tUi 
city  was  made  on  the  grounds  of  the  Northern  Michigan  Asyiumia 
August,   1897,  and  flowed  600,000  gallons  a  day  from  a  depdiof 
93  feet.     In  April,  1890,  this  flowage  suddenly  ceased;  investigi- 
tion  showed  that  the  pipe  was  filled  with  clay;   by  driving  to  190 
feet  a  good  supply  was  reached.     This  well,  with  another  recently 
made,  100  feet  deep,  now  supplies  the  institution  with  400,000  g»i- 
Ions  a  day,  much  more  than  is  needed.     In  the  well  on  the  ssjlm 
ground  the  pressure  is  8.75  pounds  at  the  well  head,  which  is  70i5 
feet  above  the  engine  room  of  the  institution,  where  the  pressure  is 
said  to  be  40  pounds  to  the  square  inch.     The  total  cost  of  the  weO 
and  pipe  line  was  SI, 500  and  was  made  by  contract.     The  wells  are 
135  feet  above  Lake  Michigan,  on  the  slope  west  of  the  asylum  build- 
ings, and  were  discovered  by  w^orkmen  in  making  an  excavation  for 
a  standpipc.     The  well  on  the  Lion  saloon  property  is  carefully 
piped,  and  supplies  a  bottling  factory,  several  stores,  a  saloon,  and 
a  large  fountain.     Water  rises  8  feet  from  the  end  of  a  1-inch  nozzle 
on  20  feet  of  hose  attached  to  the  main  pipe  at  the  saloon,  and  at 
time  of  drilling  the  well  spouted  a  2-inch  stream  32  feet  above  its 
mouth.     ^lore  use  would  be  made  of  the  artesian  water  in  Traverse 
City  if  it  w(To  not  for  a  city  ordinance  prohibiting  pipes  from  cross- 
ing alleys  and  streets. 

Several  analysej^  and  a  number  of  careful  field  tests  have  been 
made  of  the*  waters.  Mr.  George  Rafter  considered  the  water  rather 
hard  for  boiler  use,  and  the  amomit  of  iron  rendered  it  rather  unde- 
sirable for  laundry  purposes.  The  water  from  the  Park  Place  Hotel 
has  the  following  composition: 


GBAND   TRAVERSE   COUNTY.  321 

Analjfsia  ofvxiUrfrom  Park  Place  Hotel  tiwC,  Traverse  City. a 

Parts  per  million. 

i(SiOJ 6 

(Ca) 48.55 

aum(Mg) 9.88 

i(Fe) 1.53 

(Na) 2.25 

fcaariiie(Cl) 3.45 

■a^phftte  radicle  (SO4) 1.20 

fcjrbonate  radicle  (CX)j) 106.54 

179. 4K) 

r^0e  ammonia 15 

Kbominoid  ammonia 08 

^Hardened  by  soap  test,  12;  penuanent  hardness,  6;  temporary  hardness,  6. 

Doctor  Kedzie,  analyst. 

The  analysis  shows  nitrites  entirely  absent  and  nitrates  present 
KSily  as  a  trace. 

The  field  tests  on  samples  from  the  Park  Place  Hotel  well  show 
carbonates  to  be  170  parts  per  million^  no  reaction  for  sulphates, 
L70.8  parts  of  hardness,  and  chlorides  5.2  parts  per  million.  An 
Uialysis  by  the  Northern  Michigan  Insane  Asylum  of  the  water 
whesx  it  came  from  the  93-foot  well  is  as  follows:" 

Analysis  of  water  from  well  of  Northern  Michigan  Insane  Asj^unif  Traverse  City.h 

Parts  per  million. 

lUica 34 

!)zide  of  iron  and  aluminum 5. 10 

]!arbonate  of  lime 168.  75 

Carbonate  of  magnesia 68.  47 

Sulphate  of  lime 27. 04 

iodiimi  and  potassium  chlorides Trace. 

k>dium  and  potassium  carbonates 10.  27 


313.  63 

The  Lion  saloon  well  had  a  total  hardness  of  178.8;  carbonates 
500,  chlorides  25.4,  and  iron  2  parts  per  million.  For  the  compari- 
\ovL  the  analysis  of  water  from  a  spring  on  the  land  of  Hannah  Lay 
ib  Co.,  south  of  the  asylum,  is  given: 

Analysis  of  spring  uxUer  near  Traverse  City. 

Parts  per  million. 

kilphate  radicle  (SO4) 2. 12 

Carbonate  radicle  (CO3) 82.  14 

kfagnesium  (Mg) 17 

kxiium  (Na) * 39 

«  Expressed  by  analyst  in  hypothotical  combinations;  rpcomputed  to  ionic  form  at  United  States 
Geological  Survey. 

fc  Expressed  by  analyst  in  grains  per  gallon;  recomputed  to  parts  i>er  million  at  United  States  Geo- 
logical Survey. 

IRR  183—06 22 
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PArtspernilliai. 

Chlorine  (CI) I 

Calcium  (Ca) 31D   "l 

Silica  (SiO^) 3 

Free  ammonia 2 

Albuminoid  ammonia Li 


C 

F 


:- 


The  two  water  beds  which  have  been  utilized  to  supply  the  piw- 
ent  wells  are  at  depths  of  450  to  350  feet  and  at  200  fe^t,  respectivdy, 
above  tide.  The  upper  of  the  two  beds  furnishes  the  greater  sup- 
ply and  the  best  pressure.  The  following  wells  are  supplied  frwn 
this  bed:  Traverse  City  high  school,  Jackson's  fish  house,  William 
Brothers,  P.  Hannah,  Park  Place  Hotel,  Lion  saloon,  and  the  old 
well  at  the  Grand  Rapids  and  Indiana  depot.  At  the  high  school 
the  following  order  of  drift  material  was  found: 

Record  of  high  school  well,  Traverse  City, a 

ThiekiMSS  (faet). 

Sand 3D 

Clay. « 

Sand  and  gravel 60 

Marl 5 

Gravel  and  first  flow  at 238 

Stronger  flow  at 270 

In  drilling  wells  down  to  this  first  bed  the  usual  order  is  100  feet  of 
sand  with  small  streaks  of  clay,  succeeded  by  200  feet  of  gravel,  sand, 
and  clay,  which  becomes  hard  and  compact  250  feet  below  the  sur- 
face.    In  drilling  the  new  well  at  the  depot  the  drillers  found  a  good 
flow  at  316  feet  and  a  fair  one  at  417  feet,  both  beds  being  utilized  for 
the  flow  in  this  well.     The  two  wells  of  E.  S.  Pratt,  which  are  situ- 
ated on  hills  west  of  the  city,  are  believed  to  tap  heiivy  springs  such  I 
as  were  found  in  the  early  exploration  for  water  on  the  State  asylum  | 
ground.     A  number  of  wells  have  been  made  on  a  lower  level  to  a 
depth  of  75  feet,  east  of  E.  S.  Pratt's  place,  but  the  w^ater  stands  20  to 
30  feet  below  the  surface.     The  wells  which  have  been  drilled  below 
the  300-foot  bed  do  not  furnish  a  very  satisfactory  supply.     The  well 
at  the  county  jail  is  400  feet  deep,  but  never  rose  more  than  to  the 
surface;  in  drilling  it  the  following  drift  was  found: 

Eecortl  of  well  at  county  jail,  Traverse  City. 

Depth  (feet.) 

Sand  and  some  marl 200 

Clay 200-232 

Sand  and  clay  alternately 252-^ 

Gravel 340 

Sand  and  water ; 390-iOO 

«  For  analysis  see  Water-Supply  and  Irrigation  Paper  No.  31,  U.  S.  Geol.  Survey,  1809,  p.  30. 
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rhe  well  at  the  Boardman  Avenue  school  is  said  to  be  nearly  all 
id,  with  a  Uttle  clay  at  the  bottom.  The  well  recently  made  for  the 
and  Rapids  and  Indiana  Railway  is  417  feet  deep  and  has  a  good 
w,  but  the  larger  part  of  it  is  evidently  from  the  upper  bed.  Many 
«nipts  have  been  made  to  get  water  at  the  Oak  Park  school,  in  the 
item  part  of  the  city,  one  well  being  drilled  to  400  feet,  and  at  pres- 
t  having  a  very  small  flow.  In  this  well  the  following  material  was 
cietrated: 

Record  of  Oak  Park  school  well-. 

Depth  (fwt.) 

id  (thickness) 30 

y  ( thickness) 60 

iter  in  sand  (depth) 220 

delay  (depth) 3C3-383 

ivel  and  small  flow  (depth) 383-400 

The  well  on  the  property  of  Ellis  Ramsell  was  drilled  through  the 
llowing  material: 

Record  of  Mis  Ramsell  well. 


avd 

ly 

Qd  and  gravel 

irdpan 

ly,  water  under  clay . 


Thickness.      Total. 
Feet. 


Feet. 
00 
(JO 
40 
20 


120 

\m 

180 


50  230 

(iO  !  290 


At  the  State  asylum  Mr.  Fairbanks  helped  to  drill  the  93-foot  well 
id  found  neariy  35  feet  of  sand  and  gravel,  the  remainder  being  hard 
ly,  under  which  was  the  water.  At  75  feet  a  log  3  feet  in  diameter 
IS  encountered. 

In  seeking  for  flows  in  this  area  the  wells  should  not  be  deeper  than 
0  feet,  and  the  lower  the  elevation  of  the  well  mouth  the  greater 
11  be  the  pressure. 

No  rock  has  been  reached  in  any  of  the  Traverse  City  wells,  but  in 
B  Provement  well  at  Fountain  Point,  some  12  miles  northwest  of 
averse  City,  it  is  nearly  312  feet  to  rock,  and  at  Elk  Kapids  some 
miles  northeast  it  is  450  feet. 

The  catchment  area  for  the  Traverse  City  wells  is  found  on  the  sur- 
inding  moraines  and  associated  plains  of  porous  overwash  material, 
lich  reaches  an  elevation  of  800  to  1 ,000  feet  in  the  region  west  and 
Lith.  In  the  immediate  vicinity  the  material  exposed  on  some  of  the 
Is  is  porous  enough  to  absorb  the  necessary  water  to  supply  the 
•ong  flows. 
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WeOs  ai  Traverse  CU^, 
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Ffd. 
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1 
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1 
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«a 
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m 
im 
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J87 
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54 
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«3 

51 

Row  fTom  ^r»TOl. 
Stc^amJng  and  drinkiae. 

Drinking  lountjUn. 

iirui  depot  ^newi. 

rurk  nj«K>|[ot->L 

1*.  ][iiEiriab .    ...*^ 

County  jjiil ., 

005 

715 
«t5 

305 

m 
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m 

305 

(M)5 

735 
035 

FlQir  from  gra^. 
Drtnkipg. 
Do, 

Flahip^.  pAcklDg. 

12  feplln  block  xh«k. 

%t^X\  now. 

At  bouK  on  WuhfDAvn«li& 

E.8.  fmtt,.... 

80 

111 

277 

2 

50 

■■^a" 

Wjlliamji  BrT«t .„.. 

Stnte   Injitiiio  Asylum  .,. 

Oftk  Park  fl<"hPoT. 

JiLckftoii  flsh  hou»(^ 

E-  R,  Hatiftim 

Bnji  ninmn  sciKK^I  ... 

CiirU^T^smiU  .„ 

Mr.  llfdailbjifii'n... . 

lEieh  ai'honl 
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...... 

1 

300 

ffl28 
630 

58.5 
(iS5 
656 

floa 

5 
45 

1 
90 

«j 

15 

.-,._. 

nTho  only  satisfactory  toinix' rat  lire  observation  waa  at  tbo  tinuid  EapldJn  and  Indluiu  fJcpot" 
(new).    Th(^  othors  an*  afToctoil  by  buildings,  etc. 

\VATER  SUPPLIES  OF  BENZIE  COUNTY. 

By  Frank  IjEVEitHTT. 

c;eneral  statement, 

Benzie  County,  of  which  Frankfort  isj  th<^  county  seat,  fronts  on 
Lake  Micliigan  in  the  northwestern  part  of  the  peninsula.     The  lak« 
sliore  presents  a  succession  of  headlands  200  to  ^iOO  feet  high,  l^etwefH 
which  are  low  einhaynients  extend  in  j^  back  several  inilc^  inland  arid 
terininatin<i:  in  a  stronjr  niorainic  belt  of  which  the  headlands  are 
small  interlol)ate  spurs.     The  interior  and  eaatem  part  of  the  countt 
is  a  somewhat  ehn^ated  plain  with  numerous  lakes  and  basins  inter- 
rupted by  groups  of  knolls.     The  altitude  of  the  plain  is  Ijctweeii  2()0 
and  300  feet  al)ove  Lake  Michigan,  and  the  lakes  on  it  usually  stAnd 
:^0  to  50  feet  below  its  general  surface.     The  water  table  on  the  plain 
and  also  on  the  knolls  appears  to  be  in  barjuony  with  the  neighborini; 
lakes  and  (Irainage  lines,  for  there  is  !>ut  little  clay  in  them  above  the 
level  of  the  lakes.     The  water  tabln  also  is  at  a  low  level  throughout 
nuich  of  the  morainic  region  of  the  western  part  of  the  county.     This 
is  well  shown  at  Benzonia,  which  stands  on  a  moraine  south  of  Crystal 
Lake  at  a  level  200  feet  above  the  lake,  and  has  a  water  level  at  least 
125  feet  l)elow  the  surface.     There  are,  however,  a  few  places  in  the 
niorainic  tracts  w^here  there  is  enough  clay  present  to  prevent  the 
downward  passage  of  the  water,  and  thus  permit  wells  to  be  obtained 
at  shallow  depths. 
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The  principal  streams  are  Betsy  and  Platte  rivers,  the  former 
iining  the  southern  and  the  latter  much  of  the  northern  part  of  the 
anty.  Between  their  mouths  and  near  the  shore  of  Lake  Michigan 
tnds  Crystal  Lake,  a  body  of  water  9  miles  long  and  2  miles  wide, 
[meeting  with  Betsy  River  through  a  narrow  gap  in  the  morainic 
Is  that  encircle  the  lake.  Platte  River  discharges  through  Platte 
,ke,  a  body  of  water  covering  several  square  miles,  just  before  enter- 
y  Lake  Michigan.  These  lakes  apparently  occupy  basins  of  con- 
lerable  depth  which  were  left  by  the  ice  sheet.  The  lakes  of  the 
berior  of  the  county  are  all  small  and  are  usually  in  basins  in  the 
avel  plains. 

The  drift  in  this  county  is  shown  by  borings  at  Frankfort  to  extend 
>wn  nearly  to  sea  level,  being  570  feet  in  one  boring  and  527  in 
lother.  The  rock  surface  seems  to  be  about  as  low  to  the  east  at 
-averse  City,  and  may  hold  a  low  level  beneath  the  high  tracts  which 
i  between  Frankfort  and  Traverse  City,  in  which  case  the  drift 
ould  have  a  thickness  of  about  1,000  feet  on  the  highest  points. 

FLOWING  WELLS. 

The  embayments  along  the  shore  in  the  recesses  of  the  moraine  f ur- 
ish  favorable  places  for  obtaining  flowing  wells,  and  such  wells  have 
Iready  been  made  at  Frankfort  on  Betsie  River,  at  Beulah  on  Crystal 
ake,  and  at  Honor  on  Platte  River,  while  others  may  be  found  near 
le  Herring  lakes  in  a  recess  a  few  miles  south  of  Frankfort.  There 
I  also  a  single  flowing  well  at  Thompsonville  in  the  southeastern  part 
f  the  county,  in  the  valley  of  a  small  stream.  The  wells  at  Frank- 
)rt  and  Beulah  were  examined  by  Mr.  Gregor}^  and  are  discussed  on 
ages  327-330.  The  well  at  Thompsonville  was  reported  by  Mr. 
i^.  F.  Cooper;  those  at  Honor  were  examined  by  the  writer. 

THOMPSONVILLE. 

The  Thompsonville  flowing  well  was  made  by  John  Irwin  and  has 
depth  of  150  feet,  with  a  head  of  5  feet. 

HONOR. 

The  village  of  Honor  stands  at  the  foot  of  the  north  bluff  of  Platte 
ver  in  northern  Benzie  county.  Several  flowing  wells  have  been 
ade  in  the  eastern  part  of  the  village,  all  very  near  the  bluff  on 
ound  a  few  feet  above  the  broad  valley-  bottom.  It  is  probable  that 
►w^s  could  be  obtained  on  this  lower  ground. 

George  Weaver  has  a  well  70  feet  deep  on  ground  about  9  feet  above 
e  railroad  station,  or  620  feet  above  tide.  It  has  a  head  of  more 
an  4  feet.  It  now  escapes  around  the  pipe,  and  this  ha.s  reduced 
e  flow  through  tho  pipe  to  a  very  weak  slroaiw — «lV)0\\V  \^  ^\^^^\,^ 
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an  hour.     It  did  flow  a  half-inch  stream.     The  water  is  hard  and  has 
considerable  iron.     The  temperature  is  47.3°  F. 

South  of  this  well  about  50  yards  is  the  flowing  well  of  Ira  Gordon, 
38  feet  deep.  It  flows  a  very  weak  stream — about  15  quarts  an  hour 
at  a  level  3  feet  above  the  surface  or  622  feet  above  tide.  The  water 
is  said  to  be  rather  soft.  The  well  struck  a  hard  clay  under  the  sur- 
face gravel  at  about  20  feet  and  obtained  the  water  from  a  seep  in  the 
clay.  The  well  has  never  been  much  stronger.  The  temperature  is 
48°  F. 

At  a  dwelling  occupied  by  W.  M.  O'Brien  on  the  south  side  of  Main 
street  is  a  flowing  well  only  21  feet  deep  which  yields  about  30  quarts 
an  hour  through  a  small  escape  pipe  one-third  of  an  inch  in  diameter. 
The  altitude  of  the  well  is  618  feet  above  tide.  The  temperature  was 
48.5°  F.  in  October,  1904.  Possibly  the  effect  of  the  summer  hea.1 
would  be  felt  in  a  well  so  shallow  as  this  and  give  it  a  temperatur 
higher  than  that  of  deeper  wells  or  higher  than  it  presents  at  tlx 
cold  part  of  the  year. 

At  another  dwelling  on  the  south  side  of  Main  street,  occupied  1> 
Frank  Weaver,  is  a  flowing  well  that  yields  about  3  quarts  a  minute 
and  has  a  temperature  of  47.8®  F.  This  is  the  oldest  flow^  in  the  vi 
lage  and  has  been  in  operation  about  eight  years.  The  water  cor 
tains  iron  in  notable  amount  and  is  so  hard  that  it  needs  softenim 
for  huindry  use.     The  well  is  at  an  altitude  of  617  feet. 

On  the  north  side  of  Main  street,  about  100  yards  east  of  the  we- 
just  noted,  is  a  weak  flow  at  the  dwelling  of  Joseph  DeWitt  now  yield 
ing  about  30  quarts  an  hour — about  as  much  as  it  ever  did.  It  is  ver: 
shallow — 15  feet — and  had  a  higher  temperature  than  the  deeper  welb 
it  being  49°  F.  The  water  carries  iron,  but  is  not  very  hard.  Tl* 
well  has  been  in  operation  about  7  years.     The  altitude  is  618  feet. 

Across  the  street  from  the  DeWitt  well  and  on  ground  3  feet  lowei 
at  a  dwelling  occupied  by  V.  Pierce  but  owned  by  P.  Reynolds,  is  - 
flowing  well  21  feet  deep.  A  pump  is  now  attached  because  the  hea^ 
is  very  slight.     The  well  was  made  in  1903. 

A  similar  well,  only  13  feet  deep,  with  water  rising  barely  to  the  sur 
face,  was  made  l)y  J.  C  Van  Blaricom  about  200  feet  west  of  the  Pierce 
well.  It  passed  through  a  bed  of  clay  at  6  to  13  feet  and  enterec 
gravel  at  bottom.     The  water  is  rather  hard. 

Mr.  Van  Blaricom  has  another  well  at  the  post-oflSce,  with  pumf 
attached,  but  with  a  head  of  about  2  feet.  This  well  is  23  feet  deep 
Its  temperature,  when  pumped  vigorously,  could  not  be  carried  belo^ 
48°  F.  The  altitude  is  622  feet  at  the  post-oflSce.  West  from  th€ 
post-oflice  the  dwellings  are  mainly  on  ground  a  little  too  high  tc 
admit  of  a  flow. 
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BETTLAH  AKD  VEEZOVlA.a 

Beulah,  Benzie  County,  in  a  narrow  belt  along  tKe  eastern  shore 
ystal  Lake,  is  a  small  area  with  seven  flowing  wells  (fig.  64). 
veils  have  a  total  flow  of  56  gallons  a  minute  and  no  indications 
y  decrease  in  head  have  been  observed.  The  best  head  of  water 
tained  in  wells  nearest  the  lake.  The  irregular  flow  of  a  well  at 
I's  livery  bam  is  due  to  the  presence  of  gas  which,  at  the  time  of 
mter's  visit  in  July,  1904,  was  forcing  small  quantities  of  water 
)f  the  well  at  frequent  intervals.  The  water  supphed  by  these 
1  is  hard  and  unsatisfactory  for  laundry  use,  but  excellent  for 


R.  15  w. 


Fio.  64.— Map  of  southeast  end  of  Crystal  Lake,  Benzie  County. 

dng.     The  best  supj)ly  in  Beulah  conies  from  the  beds  100  to  150 
below  the  level  of  Crystal  Lake,  the  depth  varying  in  different 


e  field  analyses  of  samples  collected  show  that  the  waters  are 
in  carbonates,  reaching  300  parts  a  million  in  one  case  (the  well 
.  A.  Bailey,  No.  o),  but  this  is  higher  than  the  average.  Sul- 
Bs  are  absent  from  all  the  water  tested,  and  chlorides  are  present 
trying  quantity,  34  parts  ])er  million  from  a  well  belonging  to 


a  By  W.  M.  r,  rcgory. 
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Mr.  Gibbs  being  the  highest  found.  In  several  of  the  wells  muchO0| 
was  present,  especially  in  the  Gibbs  well.  The  water  is  somewhit 
harder  than  water  at  Oden,  Indian  River,  and  Williamsbui^,  y&ryiif 
from  136  parts  per  million  in  H.  A.  Bailey's  well  to  361  parts  in  J, 
Gibbs's  well.  It  is  easily  sofened  for  laundry  purposes  by  any  of  the 
various  washing  compounds,  otherwise  much  soap  is  required.  Water 
from  the  well  of  H.  S.  Bozy  (No.  6)  requires  one-half  more  soap  for 
laundry  purposes  than  water  from  Crystal  Lake.  The  flowing  well 
water  is  excellent  for  drinking  and  in  the  well  of  Mr.  H.  Smith  (No.  4) 
the  water  has  mild  cathartic  properties. 

Field  analyses  ofwaierfrom  wells  at  Bevlah. 
[  Parts  per  million.] 


1. 

'  ! 

I 

Hardness 

136 
300 

4 
0 

361.8; 
240  ! 
34     1 

0 

0 

227.1 

Carbonates 

m 

Chloridevi 

u 

Sulphates 

0 

Iron 

0 

1.  n.  A.  Brtlloy  (No.  -I).    2.  J.  Gibbs  (No.  1).    3.  H.  Smith  (No.  4). 

In  the  houses  where  the  water  is  used  small  tanks  have  been  con- 
structed so  tliat  full  advantage  may  be  taken  of  its  temperature  for 
cooling  purposes.  The  temperatures  vary  slightly  in  the  wells 
because  of  tlie  difTerenco  in  the  length  of  pipe  exposed,  but  the 
average  is  49°. 

Two  beds  seem  to  be  present  in  Beulah  which  yield  flows.  The 
extent  and  thickness  are  unknown,  for  the  well  records  are  few  and 
lack  detail.  According  to  Mr.  N.  Benson,  a  well  driller  of  Beulah, 
the  first  bed  of  sand  and  gravel  is  90  to  100  feet  below  the  surface; 
the  second  bed  ranges  between  1 50  and  200  feet.  The  well  of  Mr. 
n.  Snuth  (No.  4)  is  97  feet  deep,  94  feet  to  water,  and  has  the  follo^"- 
ing  drift  layers: 

Record  of  II.  Smith  loeU,  Beulah. 


Sand 

Gravel 

Yellow  clay 

OravcUy  h'anlpan 

Blue  clay 

Black  clay  and  gravel . 
Gravel 


Thickness. 

Total. 

- 

— 

Feet. 
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3 
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9 

20 

29 

25 

M 

40 

94 

2 

1 

9« 
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In  the  well  on  the  property  of  Mr.  Small  (No.  7)  small  flows  are 
found  at  150  and  200  feet.  The  well  was  drilled  to  250  feet  and  was 
believed  to  be  nearly  to  rock.  The  present  flow  of  this  well  comes 
from  200  feet,  but  enough  gas  is  presewt  lo  q,«v,vv^<>,  «tw  Irre^lar  flow. 


BENZIE  COUNTY.  329 

i  shallow  pump  wells  of  the  town  have  never  yielded  a  good  sup- 
of  water,  being  deficient  in  quantity,  and  having  a  "swampy'' 
ie.     In  drilling  a  well  on  the  property  of  Fred  Bailey  (No.  3)  the 
owing  drift  was  penetrated: 


Record  of  Fred  Bailey  weU.Beulah, 

Thickneas. 

Total. 

rel  And  Mind _.,,.,.,,,-,-,.,,-,,,- 

Feet. 
27 

5 
20 
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8 

Feet. 
27 

Ic  whplln  and  wrfar  wood         ,.,---, , . . 

32 

)w  clay 

52 

clav                        

102 

rS^::::::::::;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

110 

rfr.  Benson,  a  well  driller,  thinks  that  good  flows  can  be  obtained 
ng  a  large  part  of  Crystal  Lake  at  points  less  than  20  feet  above 
!  lake. 

[n  the  town  of  Benzonia,  which  is  half  a  mile  south  and  180  feet 
her  than  Beulah,  the  water  bed  is  from  100  to  150  feet  below  the 
•ous  surface  material,  water  being  obtained  at  considerable  expense, 
tfr.  T.  B.  Pettit's  well,  in  Benzonia,  176  feet  above  Beulah,  is 
ven  190  fe^t,  and  the  water  stands  175  feet  below  the  surface;  the 
ire  cost  was  $230.  Mr.  Pettit  has  another  well  in  sec.  27,  near 
Qzonia,  which  is  85  feet  deep  and  in  which  the  water  stands  75  feet 
ow  the  surface.  The  soil  here  is  largely  sand  and  gravel  with  one 
y  bed  of  19  feet  near  the  surface.  The  village  well  of  Benzonia 
113  feet  deep,  the  lower  150  feet  of  which  is  fine  clay  and  yields  a 
nt  supply  of  water. 

The  hills  about  Crystal  Lake  consist  of  loosely  consolidated  drift 
h  irregular  beds  of  clay.  In  a  cut  100  feet  above  the  Ann  Arbor 
[Iroad  depot,  on  the  steep  hill  road  from  Beulah  to  Benzonia  the 
Y  layers  are  thin,  small,  and  irregular,  but  at  lower  elevations  the 
f  is  present  in  thicker  layers,  and  seems  to  have  been  plastered 
)n  the  overwash  material  at  places.  A  section  on  the  hill  road 
the  following  layers  exposed: 

Section  in  road  near  Benzonia. 

Thicknefls  (feet). 

1 3 

ales 1 

and  sand 10 

\ 5 

Oth  clay,  large,  rough,  rounded  pobbles 8 
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Wells  ai  Betdah  and  Benaonia. 
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FRANKFORT   ARSA^a 

The  city  of  Frankfort,  in  Benzonia  County,  is  situated  at  the 
mouth  of  Betsie  River,  on  Lake  Michigan.  Only  a  few  flows  are 
found  here  in  the  drift,  which  is  about  550  feet  deep,  the  best  water 
beds  bein^  150  to  200  feet  below  the  surface.  There  are  onlyfourof 
these  drift  wells,  two  at  the  Frankfort  City  waterworks,  each  150 
feet  deep,  one  at  the  Ann  Arbor  Railroad  grain  elevator,  100  feet 
deep,  and  one  at  the  Ann  Arbor  Railroad  depot,  200  feet  deep;  the 
combined  llowage  is  7.5  gallons  a  minute.  A  sample  of  the  water 
from  the  elevator  showed  278  parts  per  million  of  hardness,  no  sul- 
phates, 2G0  parts  of  carbonates,  and  15.5  parts  of  chlorides. 

Frankfort  has  two  deep  wells  from  the  rock,  both  belonging  to 
D.  B.  Butler.  The  deeper  one  is  2,200  feet,  with  a  temperature  of 
5s°,  and  flows  480  gallons  a  minute  from  a  6-inch  pipe.  It  con- 
tains H,  S  gas. 

Wells  ai  FmnkfoH. 


D.  H.  Hutler 

Ann  Arbor  Unilrotui  depot  ,. 

D.  B.  Hutlora 

Ann  Arl>or  Railroad  olevalor 
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Mineral  water. 
Drinking  fountain. 
Mineral  water. 
Drinking  and  boiler  uae. 


o  For  analysis  of  water  sec  Water-Sup.  and  Irr.  Paper  No.  31,  U.  S.  Geol.  Survey,  1899,  p.  72. 

WATERWORKS. 

FRANKFORT. 

The  waterw^orks  supply  is  from  driven  wells  about  90  feet  deep 
which  only  lack  a  few  feet  of  flowing.  The  water  is  pumped  to  a 
tank  on  a  hill  north  of  the  town. 


oBy  W.14.GT«goT^. 


LfifiLAKAW  COUKtV. 


m 


THOMPSOHYILLE. 

5  village  of  TSfimpsonville  has  a  public  supply  reported  to  be 
driven  weUsr,  About  60  feet  deep,  in  which  water  rises  to  10  feet 
the  surface.     Water  is  pumped  direct  to  mains. 

MlSCELIiAXEOUS  VILLAGE  SUPPLIES, 

Village  supplies  of  Benzie  County. 
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WATER  SUPPLIES  OF  LEELANAU  COUNTY. 
By  Frank  Leverett. 

leral  statement — Leelanau  County  comprises  the  point  of  land 
extends  northward  between  Grand  Traverse  Bay  and  Lake 
Djan  and  also  the  Manitou  Islands  which  lie  a  few  miles  off 

Like  Benzie  County,  it  presents  bold  headlands  along  the 
,  between  which  are  low  tracts  extending  back  several  miles 
leading  in  a  moraine  of  which  the  headlands  are  considered 

This  moraine  comes  up  from  the  southwest  and  curves  around 
'  southern  part  of  Leelanau  County  and  then  passes  southeast 
t  head  of  Grand  Traverse  Bay.  An  elevated  gravel  plain  about 
et  above  Lake  Michigan  lies  on  the  south  border  of  the  moraine, 
lighest  points  on  the  moraine  are  about  400  feet  above  Lake 
gan,  and  at  Sleeping  Bear  Point  there  is  a  bold  bluff  of  nearly 
leight.  In  the  recesses  between  the  headlands  are  lakes,  con- 
)us  among  which  are  Glen  Lake,  which  lies  east  of  Sleeping 
Point  and  has  an  area  of  about  6  stjuare  miles,  and  Carp  Lake, 
I  leads  south  from  Leland  and  is  about  15  miles  long.  Between 
is  a  chain  of  lakes  extending  back  nearly  to  Maple  City.  On 
Lst  side  are  small  projections  of  Grand  Traverse  Bay,  knowTi  as 
iport  Bay  and  Sutton  Bay.  The  latter  is  similar  to  the  recesses 
3  Lake  Michigan  shore  in  having  headlands  on  each  side. 
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The  county  has  no  rivers  nor  creeks  but  simply  small  runs  leading 
down  to  the  lakes  from  the  moraines. 

On  the  elevated  morainic  tracts  and  also  on  the  gravel  plain  in  the 
southern  part  of  the  county  wells  are  usually  deep,  ranging  from  80 
feet  on  the  gravel  plain  to  240  feet  on  the  crest  of  the  moraine. 
They  reach  about  to  the  level  of  the  neighboring  lakes,  and  have 
little  or  no  rise  of  water.  There  are  wells  80  to  150  feet  deep  along 
the  ridges  that  run  from  the  moraine  out  toward  the  lake  and  bay. 
These  ridges,  however,  contain  clayey  drift,  and  in  places  shallow 
wells  are  obtained  on  them.  In  the  lowlands  or  recesses  water  in 
wells  generally  rises  nearly  to  the  surface,  and  in  places  will  flow. 
It  is  probable  that  flows  might  be  obtained  at  many  points  if  borinp 
were  made  in  the  lowest  lands  near  the  high  ridges. 

In  one  boring  in  the  county,  made  in  1853  near  Provement  in  sec. 
36,  T.  30  N.,  R.  12  W.,  rock  was  found  at  a  depth  of  312  feet,  or  292 
feet  below  the  level  of  Lake  Michigan  and  288  feet  above  sea  level.' 
It  is  reported  that  limestone  rock  outcrops  at  the  northeast  end  of 
the  county  in  the  bed  of  Grand  Traverse  Bay  at  20  to  25  fe^t  below 
the  water  surface,  and  shale  rises  to  considerable  height  in  the  east 
bluff  of  the  bay  opposite  this  point. 

Flouring  wells. — The  well  near  Proveriient,  noted  above,  which  is 
now  the  j)r()perty  of  Mrs.  Florence  Whitfield,  of  Ann  Arbor,  is  about 
780  feet  deep,  and  flows  with  a  reported  head  of  40  feet,  or  about  60 
feet  above  Lake  Michigan.  It  discharges  with  such  force  as  to  form 
an  umbrella-shaped  sheet,  and  to  nm  a  small  brook,  estimated  at 
several  barrels  a  minute.  It  is  strong  in  sulphates  with  a  consider- 
able amount  of  HgS  gas  and  also  CO,. 

It  is  reported  that  the  flow  of  water  was  struck  in  the  upper  part 
of  the  rock,  but  no  definite  data  in  addition  to  those  published  by 
Winchell  could  be  obtained.  There  was  a  deposit  of  sand,  gravel, 
and  bowlders  for  146  feet  from  the  surface,  beneath  which  was  lami- 
nated clay  for  135  feet,  and  beds  of  sand  and  clay  for  25  feet.  The 
water  here  came  in  and  kept  increasing  until  the  rock  was  entered 
at  about  312  feet. 

Whether  flowing  wells  could  be  obtained  in  this  valley  along  Carp 
Lake  at  less  depths  lias  not  been  determined.  The  topographic 
situation  in  a  valley  between  prominent  drift  ridges  seems  favorable 
for  obtaining  flows. 

The  Empire  Lumber  Company  has  a  flowing  well  54  feet  in  depth 
at  its  mill  on  tlie  shore  of  Lake  Michigan  in  Empire.  The  water 
comes  from  gravel  under  sand  and  possibly  under  clay.  The  wat«r 
rises  only  about  8  feet  above  the  lake. 

MLscellarieous  village  supplies. — The  ^villages  are  all  situated  on  low 
ground  and  consequently  have  shallow  wells.     No  town  has  a  com- 

a  Record  by  A.  WlnchoU,  Vtoc.  Am.  Xr^^oc.  \v\\-.^c\.,\'?a^.^.'X\.. 
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lete  waterworks  system,  but  at  Suttons  Bay  N.  S.  Johnson  has  pro- 
dded for  a  partial  supply  by  dammmg  a  spring  brook.  A  larger 
.am  and  complete  waterworks  are  contemplated. 

ViUa^  supplies  in  Leelanau  County. 
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liaple  City . .     ±200  ;    ±700  |  Wells  and  springs 16 

Northport...        545'       610     Wells,  springs,  bay 12      tOO 

Omena [    ±300  |     JJg}   Wells  and  bay I         20  '    300      ._ 

Solon I       625  I  Driven  wells,  springs '         15      ^'r        15  | I  -10  '       Do 

Suttons  Bay.        398         600  !  Pond    by    waterworks,!      .17        70        30; -20  j 

I  I      wells,  and  springs.  <  I  I 
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80     -28  I        Do. 
100  o_  5  !        Do. 

100     -25  ,  Small. 


a  The  postmaster  at  Northport  has  a  well  90  feet  deep  that  flows  at  5  feet  below  cellar  floor. 

WATER  SUPPLIES  OF  ANTRIM  AND  CHARLEVOIX 

COUNTIES. 

By  Frank  Leverett. 
GENERAL  STATEMENT. 

These  two  counties,  which  stand  cast  of  Grand  Traverse  Bay,  are 
treated  together,  since  they  are  so  much  alike.  The  part  of  Emmet 
County  south  of  Little  Traverse  Bay  is  also  included  in  the  same 
description. 

This  district  between  Grand  Traverse  and  Little  Traverse  bays 
contains  a  radiating  system  of  finger  lakes  separated  by  prominent 
ridges,  upon  which  drumlins  have  been  developed.  The  lakes  appar- 
ently lie,  in  part  at  least,  in  deep  pre-Glacial  valleys  whose  bottoms 
are  200  feet  or  more  below  the  level  of  Lake  Michigan.  The  ridges 
between  have  limestone  exposed  along  the  borders  of  Lake  Michigan 
and  Little  Traverse  Bay  in  Charlevoix  and  southern  Emmet  counties. 
Upon  passing  back  to  the  southeast,  Devonian  shale  sets  in,  wliich,  in 
places,  reaches  an  altitude  of  120  feet  or  more  above  Lake  Michigan, 
or  fully  700  feet  above  sea  level.  The  shale  formation  has  a  very 
luieven*  surface,  and  the  ridges  have  been  padded  out  with. clay 
deposits.  These  were  derived  from  the  shale  in  large  part,  probably 
through  the  abrasion  by  the  ice  sheet,  and  yet  they  are  often:  l«mi- 
^lated  as  if  deposited  in  water  and  are  nearly  free  from  stones  such  as 
appear  in  till.  They  are  therefore  considered  lacustral  rather  than 
glacial  deposits.  They  are  overlain  by  till,  and  thus  shown  to  be 
inter-Glacial.  The  lake  clays  are  built  up  on  some  ridges  to  a  height 
of  nearly  300  feet  above  Lake  Michigan,  or  much  higher  than  the  top 
of  the  shale  ridges.     The  lake  clays  when  not  too  tliickly  covered  by 
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till  deposits  have  been  shaped  into  drumlin  form.  Throughout 
much  of  the  district,  however,  the  drumlins  are  composed  wholly  of 
till.  This  drumlin  district  and  the  finger  lakes  associated  with  ii 
finds  its  southeastern  border  in  a  prominent  moraine  runmng  from 
northeast  to  southwest  across  the  southeastern  part  of  Charlevdi 
and  central  part  of  Antrim  counties.  On  the  outer  or  southeastoii 
border  of  this  moraine  is  a  gravel  plain  forming  a  well-defined  line  of 
glacial  drainage  utilized  because  of  its  smoothness  by  the  Grand 
Rapids  and  Indiana  Railway  from  Elmira  southwestward  to  Kal- 
kaska. East  of  this  gravel  plain  is  an  abrupt  rise  of  about  150  feei 
to  another  moraine  and  this  has  a  gravel  plain  on  its  outer  or  south- 
eastern face  that  covers  the  southeast  part  of  Antrim  Coimty  and 
embraces  the  source  of  Manistee  River.  I 

Striking  diflFerences  in  water  suppUes  are  foimd  which  are  deter- 
mined by  the  texture  of  the  deposits  and  the  topographic  relations 
just  outlined.  In  the  gravel  plains  and  also  to  a  great  extent  in  the 
moraines  that  lie  southeast  of  the  drumlin  district  the  water  table  b 
found  at  a  level  as  low  as  the  neighboring  lakes  and  streams,  for 
there  appears  to  be  little  or  no  clay  above  this  level  to  prevent  the 
water  passing  down. 

On  the  high  moraine  east  of  the  Grand  Rapids  and  Indiana  Rail- 
way, wells  are  accordingly  sunk  to  a  depth  of  about  200  feet,  or  to 
the  level  of  lakes  in  the  gravel  plain  along  the  railway.  Wells  are  50 
to  75  feet  or  more  in  this  gravel  plain.  In  the  moraine  west  of  the 
railway  some  wells  have  been  found  at  depths  of  30  to  50  feet,  but 
the  best  supply  is  generally  found  by  sinking  to  depths  of  160  feet 
or  more  to  a  level  in  accord  with  streams  on  the  inner  face  of  the 
moraine. 

Upon  entering  the  drumlin  area  the  conditions  become  more  com- 
plex, for  there  no  general  water  table  is  struck  either  near  the  surface 
or  at  great  depths.  The  lake  clay  as  well  as  the  till  carries  water  only 
along  certain  favored  courses  where  there  are  sandy  partings  or  veins, 
and  the  position  of  these  can  not  be  predetermined.  Neighboring 
wells  may,  therefore,  differ  very  greatly  in  depth,  one  obtaining  water 
at  20  feet  or  less  and  its  neighbor  going  to  depths  of  100  or  even  200 
feet.  Instances  were  found  where  wells  on  the  crest  of  drumlins, 
standing  nearly  100  feet  above  the  bordering  sags,  have  struck  water 
at  only  30  to  50  feet,  while  neighboring  wells  nearer  the  level  of  the 
sags  have  gone  far  below  the  level  of  the  lowest  groimd  in  the  vicinity 
before  obtaining  a  good  supply. 

Along  the  borders  of  the  system  of  finger  lakes  several  small  flow- 
ing-well districts  have  been  developed  as  indicated  below,  but  the 
wells  seldom  have  such  head  as  the  great  reliefs  would  lead  one  to 
expect,  and  the  districts  in  which  flows  are  obtainable  seems  to  be 
restricted,  like  the  suppUes  in  the  drumlin  areas  to  favored  localities. 
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valleyB  in  which  these  lakes  lie  seem  to  be  underlain  by  a  Jooser 
jd  material  than  the  lake  clay.  This  is  commonly  termed 
md,  but  in  the  absence  of  samples  it  can  not  well  be  compared 
le  lake  clay  exposed  in  the  ridges.  There  is  generally  a  coarse 
)vering  the  vafley  bottoms,  derived  in  part  from  hillside  wash, 
full  extent  and  relations  are  imdetermined.  Many  wells  in  the 
are  very  shallow  and  obtain  their  supply  from  the  coarse  sand, 
rock  formations  furnish  but  a  limited  part  of  this  district  with 
the  only  points  noted  being  a  narrow  strip  along  the  border  of 
fichigan  from  near  Norwood  to  Petoskey  and  thence  eastward 
he  south  side  of  Crooked  Lake  to  Burt  Lake. 

FIX)WING  WELLS. 

ing  wells  have  been  obtained  from  the  rock  near  Norwood,  and 
rlevoix,  Petoskey,  and  Bay  View,  and  possibly  farther  east  in 
m  Emmet  County,  as  indicated  in  the  report  by  Mr.  Gregory 
15-378).  The  flowing-well  districts  of  Charlevoix  and  Antrim 
5s  have  received  only  a  hasty  inspection  by  the  writer  in  con- 
L  with  other  lines  of  investigation. 

ALBEH. 

n,  a  village  on  the  east  shore  of  Torch  Lake,  in  Antrim  County, 
Jlow  weUs  on  the  shore  of  the  lake  with  sufficient  head  to  flow, 
mps  are  attached. 

well,  made  by  L.  Armstrong  at  a  feed  mill,  is  only  12  feet  deep, 
other,  owned  by  Mr.  Terrell,  is  of  similar  depth, 
amin  Armstrong  has  a  well  about  100  feet  deep  on  liigher 
in  the  eastern  part  of  the  village,  the  water  in  which  stands 
the  surface. 

jep  boring  was  made  north  of  the  station  in  Alden  by  E.  F. 
which  struck  water  veins  at  57,  68,  and  86  feet  depth.  The 
Tom  the  68-foot  vein  rose  to  the  surface  at  an  altitude  10  feet 
Torch  Lake,  but  from  the  other  veins  it  fell  short  a  few  feet, 
ring  was  carried  to  a  depth  of  278  feet  without  reaching  rock, 
largely  through  sand,  with  thin  beds  of  hard  clayey  material, 
;pth  of  86  feet.  The  remainder  of  the  section  was  nearly  all 
lough  some  beds  of  fine  quicksand  2  to  8  feet  tliick  were  passed 
h.  The  lower  27  feet  was  a  hard  blue  clay,  and  the  boring 
i  in  this  deposit. 

INTEBMEDIATE  LAKE  DISTRICT. 
GENERAL   RELATIONS. 

g  the  border  of  Intermediate  Lake,  from  Central  Lake  village 
ard  past  Bellaire,  the  county  seat  of  Antrim  Coimty,  flowing 
re  obtained  at  several  points.     §ome  are  very  shallow  and  pen- 
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etrate  little  but  muck  and  marl.  Others  go  to  considerable  dqiH 
through  clay  before  striking  a  flow.  The  wells  are  all  on  lowgroaal 
bordering  the  lake  or  its  outlet.  Those  at  Central  Lake  are  at  an  lU- 
tude  of  609  feet  above  tide,  or  2  to  7  feet  above  the  lake,  and  thoH 
between  Central  Lake  and  BeUaire  are  at  similar  altitudes,  with  th 
exception  of  a  well  at  a  schoolhouse  in  the  northeast  comer  of  see.?, 
T.  30  N.,  R.  7  W.,  which  is  on  ground  about  640  feet  above  tide,* 
33  feet  above  the  lake.  The  waterworks  weUs  in  BeUaire  are  akog 
the  outlet  of  Litermediate  Lake  below  the  dam  at  an  altitude  of  oi^ 
600  feet,  and  a  weU  south  of  BeUaire,  on  the  border  of  Goose  Lake,ii 
at  similar  altitude.  On  each  side  of  Litermediate  Lake  a  rapid  m 
is  made  to  uplands  standing  200  feet  or  more  above  the  lake.  Th 
head  in  the  wells  is  only  a  few  feet  above  the  surface,  or  less  than 
might  be  expected  from  the  height  of  the  bordering  uplands,  lb 
uplands  have  a  large  amount  of  inter-Glacial  lake  clay  capped  by  oolj 
a  few  feet  of  glacial  deposits.  This  clay  is  very  slowly  pervious  to 
water  and  may  not  therefore  contribute  much  water  to  increase  tbfi 
head  in  the  wells  along  the  lake. 

BELLAIRE. 

All  examination  of  the  several  flowing  wells  of  BeUaire  was  nude 
by  Hon.  RosweU  l^eavitt,  of  that  city,  prior  to  the  writer's  visit,  and 
the  data  here  presented  were  mostly  coUected  by  him. 

There  are  two  ilowiiig  wells  at  the  BeUaire  waterworks,  one  being 
a  large  excavated  weU  60  feet  in  depth,  the  other  a  tubular  wdl  6 
inches  hi  diameter  and  55  feet  in  depth.     The  temperature  of  water 
from  the  tubular  weU  is  47.8°  F.     The  large  weU  furnishes  the  main, 
supply  for  the  viUage,  and  water  is  pumped  from  it  to  a  reservoir, 
which  gives  72  pounds  pressure  at  the  level  of  the  raUroad  station, 
614  feet  above  tide.     Wlieii  the  flowing  wells  prove  inadequate,  water 
is  pumped  from  the  mill  race.     This  is  at  times  very  imsatisfactoryy 
and  many  citizens  depend  upon  private  wells,  in  which  water  is 
obtained  at  depths  of  14  to  35  feet.     It  is  thought  that  a  supply  fronx 
Cedar  River,  wliich  comes  into  the  village  from  an  elevated  district 
on  the  east,  would  be  preferable  to  the  water  from  the  miU  race,  noi^ 
turned  into  the  pubUc  supply,  wliich  carries  much  refuse  from  a  mill 
that  stands  above  the  intake. 

A  flowing  weU  was  obtained  on  the  property  of  G.  J.  Notewar©  oa 
the  site  of  an  old  sawmill,  about  1 J  miles  south  of  BeUaire,  at  the  east 
edge  of  Goose  Lake,  in  the  central  part  of  sec.  31,  T.  30  N.,  R.  7  W- 
The  weU  had  ceased  flowing  in  1904.  The  depth  is  about  28  feet,  and 
it  was  made  about  1890. 

The  schoolhouse  weU,  in  the  northeast  comer  of  sec.  7,  T.  30  N.,  R- 
7  W.,  was  not  flowing  in  October,  1904,  but  is  reported  to  dischai^  * 
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oall  stream  from  the  pump  spout  in  wet  seasons.     The  depth  is  47 
Bt,  and  it  was  made  about  1901. 

On  an  island  in  Intermediate  Lake  in  the  southwestern  part  of  sec. 
T.  30  N.,  R.  7  W.  is  a  flowing  welt  28  feet  deep  made  by  S.  Brode- 
fty,  which  is  used  by  summer  visitors.     No  record  was  obtained,  but 
is  reported  to  have  passed  through  marl. 

Fisk  Brothers  have  a  camp  and  flowing  well  in  sec.  1,  T.  30  N.,  R. 
W.  near  the  bank  of  Intermediate  Lake  and  about  4  feet  above 
ater  level.  It  was  driven  to  a  depth  of  67  feet  through  sand  and 
ravel  and  a  bed  of  clay.  Water  barely  comes  to  the  surface.  It 
as  made  about  1902. 

CENTRAL   LAKE. 

The  strongest  flow  in  the  group  in  and  near  the  village  of  Central 
«ake  is  from  the  well  of  the  Cameron  Lumber  Company,  made  in 
902,  which  discharges  4  gallons  a  minute  from  an  escape  pipe  three- 
Durths  of  an  inch  in  diameter,  at  an  altitude  of  10  feet  above  Inter- 
mediate Lake.  The  temperature  was  found  to  be  48°  F.,  at  a  time 
fhen  the  air  was  60°  F.  and  the  lake  64°  F.  The  temperature  is  said 
0  be  very  imiform  throughout  the  year  and  the  flow  steady.  The 
veil  penetrated  the  following  deposits:  Sand,  2  feet;  mari,  20  feet; 
mellow  clay,  200  feet;  sand  and  gravel,  7  feet.  Another  flowing  well 
)ne-half  mile  south  of  the  Cameron  well  at  a  camp  of  Fisk  Brothers  is 
)nly  21  feet  deep.  The  well  passed  through  a  few  feet  of  mari  and 
^hen  clay  before  striking  water.  Analyses  of  these  two  wells  and  of 
)ne  other  follow,  the  data  being  furnished  by  M.  O.  Leighton,  of  the 
United  States  Geological  Survey. 

Partuil  analysea  of  uxUers  near  Central  Lake. 
[Parts  per  million.] 
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»-  J.  T>ewis,  analyst.    1.  Public  supply  (spring).    2.  Cameron  mill:  depth  222  feet. 
[>th,  3r,  foet. 

Just  north  of  Bridj^o  street  in  Central  Lake,  on  tlio  west  bank  of  the 
ke,  are  four  shallow  flowing  wells,  wliich  have  been  in  operation  for 
veral  years.  Charios  Bri«;j^s's  well,  made  in  1897,  is  27  feet  deep, 
is  IJ-inch  pipe,  and  flows  3  quarts  a  minute  at  a  level  3.i  feet  above 
*ound,  or  614  feet  above  tide.  The  water  will  rise  to  016  feet.  The 
^niperature  is  50°  F.,  or  somewhat  above  that  usual  in  tliis  latitude. 
IRB  183— ot; 23 
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The  well  passed  through  considerable  bog  Ime  but  started  and  ended 
in  sand. 

About  50  yards  north  of  the  Briggs  weU  is  the  well  of  S.  Frost,  37 
feet  in  depth  with  IJ-inch  pipe  and  1-inch  escape.  It  flovs  6  quaiti 
a  minute  from  a  pipe  18  inches  above  the  groxmd,  or  610  feet  abon 
tide.     The  well  has  been  running  ten  years. 

Across  the  road  from  the  Briggs  well,  on  south  side  of  Maple  stmly 
is  the  flowing  well  of  WiU  Acker  on  ground  613  feet  above  tide.  His 
well  is  25  feet  deep,  and  flows  5  quarts  a  minute  from  a  pipe  15  iDchei 
above  the  surface.  It  flowed  more  rapidly  when  first  made  in  1898, 
and  flows  a  little  faster  for  two  months  in  the  spring.  The  well  is  l| 
inches,  but  the  escape  pipe  is  three-fourths  inch.  The  water  wiUiin 
3  feet  above  the  top  of  the  pipe  or  to  617  feet.  Considerable  yeDot 
sand  was  penetrated,  but  there  is  some  clay  and  some  marl  or  bog 
lime.  The  temperature  is  48®  F.  The  water  is  hard,  but  does  not 
show  much  iron. 

South  of  the  Acker  well  near  Bridge  street  is  Mrs.  Hastings's  flowing 
well,  20  feet  in  depth,  on  ground  611  feet  above  tide.  The  water 
issues  from  the  pipe  3  feet  above  the  surface  at  the  rate  of  4.5  quarts 
a  minute  and  has  a  temperature  of  50°  F.  The  water  is  hard.  This 
well  was  driven  in  1902.  There  was  one  a  few  feet  west  of  this  from 
which  the  pipe  has  been  drawTi  because  the  screen  was  worn  out. 

At  the  old  stave-mill  site  in  the  north  part  of  Central  Lake  was  a 
flowing  well  66  feet  deep  that  used  to  flow  from  a  vein  33  feet  below 
surface.     This  was  not  visited  as  no  use  is  now  made  of  the  water. 

SUMMARY. 

Welh  of  Intermediate  Lake  diMrid. 
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VOBWOOD. 

A  flowing  well  33  feet  deep  was  made  in  1866  at  a  mill  in  Norwood, 
the  edge  of  Lake  Michigan,  which  is  still  flowing  13  feet  above 
ike  Michigan.     The  water  is  from  gravel. 

Another  flowing  well  was  obtained  in  rock  in  1904,  in  a  test  boring 
miles  south  of  Norwood.  It  struck  the  flow  under  shale  at  a  depth 
150  feet  and  it  is  reported  to  discharge  a  full  4-inch  stream." 
The  conditions  seem  favorable  for  obtaining  flows  at  other  points 
)ng  the  shore,  if  on  ground  less  than  15  feet  above  the  lake.  There 
5  numerous  springs  in  the  vicinity  of  Norwood,  but  they  appear  to 
jp  from  the  hillside  rather  than  boil  up  from  the  bed  of  gravel  that 
jlds  a  flow. 

EAST  J0BDAH-80UTH  ABM  DISTRICT. 

East  Jordan  stands  at  the  head  of  the  south  arm  of  Pine  Lake  in 
Qthem  Charlevoix  County.  The  valley  in  which  the  lake  lies  is 
out  a  mile  wide.  On  each  side  is  a  rapid  rise  to  uplands  standing 
K)  feet  or  more  above  the  lake.  The  wells  are  on  low  ground  border- 
g  the  lake,  some  of  them  being  in  a  marsh  underlain  by  marl  that  is 
•obably  a  filled  portion  of  the  lake. 

There  are  nine  flowing  wells  at  the  East  Jordan  waterworks,  rang- 
g  in  depth  from  75  to  105  feet  and  having  a  diameter  of  3  inches, 
ley  are  aU  at  an  altitude  of  585  feet  and  are  confined  to  a  space  of  3 
4  square  rods,  or  not  more  than  one-fortieth  of  an  acre.  They 
ve  a  slight  head  and  a  total  discharge  of  56,000  gallons  a  day. 
ee  p.  346.) 

At  a  shingle  mill  of  the  East  Jordan  Lumber  Company,  one-fourth 
le  south  from  the  waterworks,  is  a  flowing  well  50  feet  deep,  and 
ere  are  two  others  at  dwellings  near  by  on  the  mill  property.  The 
itude  is  about  585  feet.  The  well  at  the  mill  flows  15  quarts  a 
nute  through  a  1-inch  escape  pipe,  and  has  a  temperature  of  46°  F. 
well  at  one  of  the  residences  has  a  flow  of  7  quarts  a  minute,  and  a 
aiperature  of  46°  F.  The  rate  of  flow  of  the  third  well  could  not  be 
pertained,  as  it  escaped  from  a  box.  The  mill  well  has  been  running 
out  thirteen  years,  but  those  at  the  dwellings  are  more  recent,  one 
ing  made  in  1902. 

On  the  north  side  of  State  street,  at  the  drug  store  of  Ij.  C.  Mattison, 
ere  was  a  flowing  well  which  became  clogged  and  was  abandoned, 
lother  well  was  then  sunk  to  a  depth  of  70  feet  that  has  a  head  of  1 
)t,  but  the  pipe  was  not  brought  to  a  level  low  enough  to  allow  it  to 
w.  This  well  passed  through  30  feet  of  bog  lime  or  marl  and  then 
'ough  fine  sand,  no  clay  being  present. 

A  boring  near  the  corner  of  State  and  Second  streets,  made  by  W.  L. 
E*nch,  was  carried  to  a  depth  of  2S0  feet  entirely  through  fine  sand 

a  Data  by  William  Harris,  of  Norwood. 
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with  only  an  occasional  fine  pebble.  The  boring  was  abandoned  with- 
out getting  water,  because  of  some  difficulty  in  preventing  sand  from 
rising  in  the  pipe.  This  boring  serves  to  demonstrate  the  presence  of 
a  deep  pre-Glacial  valley  under  the  lake,  for  it  was  driven  to  about  300 
feet  above  tide  without  reaching  rock. 

,  George  Japson  has  a  well  at  the  east  end  of  the  bridge  that  crosses 
the  south  end  of  the  lake,  which  has  a  head  4  feet  above  the  surface, 
but  which  is  prevented  from  flowing  by  having  the  pump  pipe  carried 
up  to  a  level  above  the  head  of  the  water.  The  well  is  about  45  feet  in 
depth,  with  1  J-inch  pipe,  and  was  made  in  1897. 

J.  H.  Lamway,  in  the  village  of  South  Arm,  across  the  lake  from 
East  Jordan,  has  a  flowing  well  48  feet  deep  and  1 J  inches  in  diameter. 
It  stands  at  the  edge  of  the  lake  and  has  a  head  18  inches  above  lake 
level.  The  rate  of  flow  is  10  quarts  a  minute.  It  seems  to  be  very 
largely  through  muck  and  bog  lime,  but  as  the  pipe  was  driven  with  a 
sledge  there  is  very  little  knowledge  of  the  material  penetrated.  The 
well  was  made  in  1890  to  a  depth  of  44  feet.  It  became  closed  in  189> 
and  was  then  driven  to  48  feet.  The  temperature  is  48°  F.,  or  2* 
higher  than  the  East  Jordan  flows.  An  analysis  of  the  water  wa: 
made  by  Mr.  Lewis.  Mr.  Lamway  has  two  other  wells,  one  at  his  ban 
and  one  at  his  store,  each  about  46  feet  deep,  that  have  a  similar  heax 
to  the  flowing  well  by  the  lake,  but  being  on  higher  ground  they  lacl 
a  few  inches  of  reaching  the  surface.  Other  wells  in  the  village  whei 
carried  to  depths  of  40  feet  or  more  show  a  rise  nearly  to  the  surface 

In  the  following  table  are  given  a  number  of  partial  analyses  o 
water  from  Bellaire,  South  Arm,  and  East  Jordan,  including  one  fron 
mill  race  leading  from  the  river.  The  public  supply  at  Bellaire  isfror 
a  60-foot  flowing  well;  that  of  East  Jordan  from  nine  connected  wellf 
The  data  were  furnished  by  M.  O.  Leigh  ton,  of  the  United  States  Geo 
logical  Survey. 

Partial  analyses  of  vxiters  from  BeUmrf,  SovJth  Artrij  and  East  Jordan. 
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S.  .1.  Lewis,  analyst.  1.  II.  Kicliards,  ncilaire:  depth.  100  feet.  2.  River  (mill  race),  Beilairc  3. 
Public  supply  (well),  Bellaire;  depth.  60 feet.  4.  .1.  H.  Lamway,  South  Arm;  depth.  47  feet.  5.  Public 
supply,  East  Jordan;  depth,  75  feet. 

IKONTON. 


This  village  stands  on  the  west  shore  of  the  south  arm  of  Pine  Lake 
about  6  iniles  southeast  of  Charlevoix.  The  land  rises  rapidly  west 
ward  from  the  lake  to  a  drumUii  a\oa  \\\io^<i  \:d«^h.est  points  are  abou 


ANTRIM  AND  CHABLEVOIX  COUNTIES.  341 

200  feet  above  lake  level.  On  the  slope  wells  have  strong  head  wheti 
Slink  to  depths  of  50  feet  or  more,  but  the  shallow  wells,  14  to  16  feet 
in  depth,  have  but  Uttle  head.  There  is  a  flowing  well  at  iSequetata, 
a  resort  about  a  mile  north  of  Ironton,  at  an  altitude  of  634  feet,  or  54 
feet  above  Pine  Lake.  It  is  120  feet  deep  and  passed  through  consider- 
able red  clay,  probably  inter-Glacial  lake  clay,  before  striking  water. 
The  water  discharges  at  the  rate  of  2.4  quarts  a  minute  at  a  level  2.5 
feet  above  the  surface.  The  temperature  is  48.5°  F.  and  the  diameter 
of  pipe  2  inches.     The  well  was  made  in  August,  1903. 

About  one-eighth  mile  west  of  this  resort,  on  ground  31  feet  higher, 
or  665  feet  above  tide,  is  a  well  at  the  residence  of  H.  Coblentz,  50  feet 
in  depth,  in  which  water  stands  1  foot  below  the  surface.  The  diame- 
ter of  the  well  is  3  J  inches.  The  water  is  very  hard  and  has  a  tempera- 
ture of  48.5''  F. 

There  was  a  flowing  well  at  Iron  ton,  on  the  grounds  of  the  Pine  Lake 
Iron  Company,  which  flowed  a  1-inch  stream  for  several  years.  It 
was  made  about  twenty  years  ago,  and  is  at  an  altitude  of  605  feet 
above  tide.  The  water  now  stands  in  the  pipe  about  1  foot  above  the 
level  of  the  ground,  but  flowed  over  the  top  of  the  pipe  2  feet  above  the 
ground  until  1903.  When  first  made  it  would  discharge  from  a  pipe 
4  feet  above  the  surface.  The  depth  is  130  feet,  and  water  was  found 
ill  sand  below  clay. 

BOTKE. 

This  town  stands  at  the  cast  end  of  Pine  Lake,  an  arm  of  Lake  Michi- 
gan, which  opens  into  the  main  lake  at  Charlevoix.  Several  flowing 
^ells  have  been  obtained  at  the  shore  of  the  lake  about  5  feet  above 
^'ater  level,  and  others  up  the  valley  of  Bo\Tie  Creek.  They  are  not 
^^om  a  single  water  bed,  but  strike  water  at  various  deptlis.  The 
shallowest  ones  only  pass  through  marl  or  bog  lime  that  fills  marshes 
^long  Boyne  Creek  valley,  but  the  majority  go  through  clay  and  find 
^^'ater  in  sand. 

The  strongest  flow  is  one  recently  made  (September,  1904)  at  the 
Rim  Cooperage  Company  mill,  in  the  eastern  edge  of  town,  nearly  one- 
half  mile  from  Pine  Lake,  but  on  the  bank  of  Bo>^ie  Creek.  The 
depth  is  91  feet  and  the  level  of  the  discharge  ])ipe  16  feet  above  Pine 
Lake,  or  596  feet  al)ove  sea  l(»vel.  It  discharges  a  gallon  in  seven 
soccmds  from  a  ?-inc'h  nozzle,  or  at  the  rate  of  7.5  gallons  a  minute. 
The  discharge  from  the  2-inch  ])ipe  was  much  greater.  The  water  will 
rise  to  605  feet,  or  25  foot  al)ovo  the  lake  level.  The  well  passed 
through  marl  and  sand  for  40  foot,  thou  through  a  stiff  clay  to  the 
water-bearing  gravel  at  about  90  foot.  The  temperature  of  the  water 
is  46.5°,  somewhat  lower  than  that  in  wells  of  shallower  depth  and 
weaker  flow  tested  on  the  same  day.  The  water  shows  less  iron  than 
is  commonly  found  in  flowing  wells,  but  is  rather  hard  for  boiler  us< 


342     WELLS  AND   WATEB  SUPPLIES  IN   SOUTHEBN   MICHIGAN. 

The  cost  of   drilling  this  well  was  45  cents  a  foot  (driller,  Willis 
Wilson). 

There  are  several  flowing  wells  at  Van  Platen's  mill,  on  the  shore  of  ^ 
Pine  Ijake,  with  a  depth  of  63  to  65  feet.  Only  one  is  permitted  to 
flow  at  present,  and  this  discharges  nearly  4  gallons  a  minute  from  a 
1-inch  pipe  at  4  feet  above  the  surface,  or  about  8  feet  above  the  lake. 
The  wells  are  1  i  inches  in  diameter.  These  wells  are  near  the  engine, 
and  the  water  seems  to  be  affected  by  the  heat,  for  it  showed  a  tem- 
perature of  50°  F. 

Across  the  street  the  engineer  of  this  mill,  James  Smith,  has  a  flow- 
ing well  78  feet  in  depth,  with  a  temperature  of  48®  F.  It  flows  only 
half  a  gallon  a  minute,  and  the  water  carries  considerable  iron  as 
well  as  lime. 

White's  machine  shop  has  a  weak  flowing  well  near  the  bank  cf 
Pine  Lake,  now  clogged  and  out  of  use.  It  flows  3  quarts  a  minute 
and  has  a  temperature  of  49.5®  F. 

John  Sudman  has  a  flowing  well  on  north  side  of  Boyne  Creek, 
about  one-fourth  mile  from  the  lake,  made  in  1904,  which  obtained  a 
flow  from  47  feet  depth.  The  water  will  rise  12  feet  above  the  sur- 
face, or  to  597  feet  above  tide,  and  discharges  1.5  gallons  a  minut^^ 
from  a  1  J-inch  pipe;  temperature  of  water,  47.5®  F. 

There  are  two  shallow  wells  across  the  creek  from  the  cooperage  mill , 
which  strike  flows  under  a  bog-lime  deposit  at  about  12  to  16  feet  - 
Wm.  Ormsley's  well  is  12  feet,  has  a  head  of  4  feet,  and  flows  a  galloBi^ 
a  minute.  Its  altitude  is  about  590  feet;  temperature  of  water*, 
50.5°  F.  It  has  a  slight  taste  of  sulphur.  Mr.  Curtis  has  one  16  feet: 
deep  that  brought  up  ''snail  shells''  from  the  bottom. 

Wells  driven  in  the  business  part  of  Boyne  to  depths  of  30  to  55 
feet  have  a  head  very  nearly  level  with  the  surface,  which  is  5  to  10 
feet  above  the  lake. 

The  two  partial  analyses  from  drift  wells  at  Boyne  are  given  below. 
The  determinations,  which  were  made  by  S.  J.  Lewis-,  were  furnished 
by  M.  O.  Leighton,  of  the  United  States  Geological  Siu^vey. 

Partial  analyses  of  well  vxUers  at  Boyne. 
[  Parts  per  inUlion.] 


1. 

2. 

Color 

19 
Strong  trace. 
14 

81.43 

6 

139+ 

19 

Iron  ( Fe) 

0 

Chlorine  (CI) 

4 

Carbon  dioxide  (COj) 

71.67 

Sulphur  trioxide  (SOa) 

10 

Hardness  (as  CaCOs) 

ISM- 

1.  Cooperage  mill;  depth,  91  feet.    2.  City;  depth,  26  feet. 
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■PBOrOWATEB  BIDDTO. 

A  single  flowing  well  at  Springwater  siding  on  the  Grand  Rapids 
id  Indiana  Railroad  just  south  of  the  Charlevoix  and  Antrim  county 
le  gives  the  name  "Springwater"  to  the  siding.  The  well  was  dug 
any  years  ago  by  L.  Meaker,  of  Boyne  Falls,  who  reports  that  for 
[  feet  there  was  loose  gravelly  material,  beneath  which  he  found  a 
ue  clay,  and  after  penetrating  it  a  few  feet  struck  the  flow.  It 
)urs  out  over  the  top  of  the  well  and  runs  away  as  a  small  brook. 
lie  temperature  is  46.5®  F.  The  well  is  in  a  deep  valley  with  border- 
g  hills  fully  200  feet  higher  near  by  on  the  east,  which  may  easily 
rve  as  a  catchment  area  and  give  the  head. 

The  valley  leading  from  this  siding  down  to  Boyne  Falls  has  springs 
ong  its  borders  and  bottom,  which  are  probably  fed  from  the  water 
>sorbed  by  the  bordering  hills.  On  the  Robbins's  farm,  about  mid- 
ly  between  Springwater  siding  and  Boyne  Falls,  two  wells  36  and  48 
3t  in  depth  have  water  only  10  to  15  feet  below  the  surface.  They 
netrated  no  clay,  but  are  in  sand  and  gravel  from  top  to  bottom. 

BOTNB  FALLS. 

The  village  of  Boyne  Falls  is  in  a  valley  bordered  closely  on  the 
at  by  high  land,  the  situation  being  similar  to  that  at  Springwater 
ling,  but  no  flows  have  been  obtained.  A  test  boring  was  made 
out  1900  to  a  depth  of  nearly  300  feet  on  the  McMahon  property, 
e  block  north  of  the  railroad  station.  There  was  some  water  at 
out  30  feet  and  at  various  lower  depths,  but  the  greatest  head  ob- 
ined  was  30  feet  below  the  surface.  There  is  a  large  amoimt  of 
ter-Glacial  lake  clay  in  the  highlands  near  this  village  which  will  not 
►sorb  water  readily,  and  this  may  account  for  the  failure  to  get  flow- 
g  wells.  Other  tests,  however,  may  result  more  successfully. 
About  2i  miles  northeast  of  Boyne  Falls,  on  the  farm  of  John  Har- 
3n,  is  a  well  which  when  first  made  did  not  flow.  But  after  the 
imp  was  attached  the  water  burst  in  with  greater  head,  causing  the 
ill  to  discharge  through  the  pump  spout  a  stream  about  one-half 
ih  in  diameter.  This  well  was  not  visited,  but  was  reported  by  L. 
?aker  to  be  in  a  depression  among  hills. 

WALLOON  LAKE  DISTRICT. 

A  well  is  reported  to  flow  on  the  Rokopf  farm  on  the  west  arm  of 
alloon  Lake,  but  was  not  visited. 

At  the  outlet  of  Walloon  Lake  a  well  175  feet  deep  is  reported  to 
ve  flowed  until  it  became  clogged  because  of  imperfect  casing, 
lis  well  is  thought  to  have  entered  a  gray  shale  at  about  100  feet. 
There  was  a  flowing  well  at  the  tie  mill  by  Bear  Creek  at  Clarion, 
t  it  has  been  out  of  use  for  some  years,  and  appears  to  have  stopped 
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flowing,  though  the  writer  did  not  visit  the  spot  to  ascertain  the  pres- 
ent condition. 

These  wells  are  all  located  in  valleys  bordered  by  prominent  drift 
ridges  and  are  of  value  in  showing  the  promising  prospects  for  devel- 
opment of  a  flowing-well  district  in  the  valleys. 

WATERWORKS. 

AKTBDC  COVNTT. 

Waterworks  plants  are  in  operation  at  Bellaire,  Central  Lake,  Elk 
Rapids,  and  Mancelona,  all  of  which  use  surface  water  except  Mance- 
lona,  though  Bellaire  is  suppUed  in  part  by  flowing  wells  (see  pp.  336, 
345). 

CENTRAL   LAKE. 

The  public  supply  for  Central  Lake  village  is  obtained  from  springs 
that  issue  on  the  slope  west  of  the  village  at  an  altitude  about  100  feet 
above  the  main  part  of  town,  as  estimated  by  the  reservoir  pressure  of 
45  pounds.  The  springs  yield  2,000  gallons  an  hour.  The  water  runs 
from  the  reservoir  through  a  pipe  only  3  inches  in  diameter,  but  t\m 
is  adequate  to  carry  the  water  needed  by  the  village  for  domestic  use. 
The  character  of  the  water  is  shown  by  the  analysis  made  by  S.  J. 
.  Lewis  (p.  337).  The  waterworks  plant  is  owned  by  private  individ- 
uals, but  the  village  is  arranging  for  its  purchase  at  an  early  date. 

The  springs  do  not  boil  up  from  deep  strata  like  the  floA^Hing  wells. 
but  issue  at  the  outcrop  of  nearly  horizontal  beds  of  sand  which  occur 
between  beds  of  inter-Glacial  lake  clay. 

ELK    RAPIDS. 

The  waterworks  are  in  the  hands  of  a  private  company.  The 
supply  is  derived  from  lOlk  Lake,  being  pumped  direct  to  mains  ynih 
an  ordinary  pressure  of  45  pounds  and  a  fire  pressure  of  100  pounds. 
Water  power  is  used  to  run  the  pumps.  The  plant  was  installed  in 
1892. « 

Private  wells,  which  are  in  common  use,  are  driven  to  the  bottom 
of  the  sand  at  20  to  25  feet.  A  boring  526  feet  deep  made  by  Willia^^^ 
IL  Davis  obtained  a  flow  of  water  which  is  not  utilized.  The  drift 
here  is  475  feet,  largely  of  l)lue  clay  said  to  be  free  from  grit  or  pebbles- 

MANCELONA. 

The  wells  at  ManceUma  are  sunk  in  the  bottom  of  a  natural  basin 
about  40  feet  below  the  general  level  of  the  towni,  and  thus  save  the 
pipe  necessary  to  reach  water.  The  deposits  penetrated  are  gravelly 
and  the  wells  are  cased  to  the  water  bed.  Water  is  pumped  direct  to 
the  mains. 


aManual  ot  Arnvrlcajv  Watcrvjot^^ 
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MISCELLANEOUS    SUPPLIES. 


rhe  principal  data  on  village  supplies  of  all  sorts  are  embraced  in 
5  following  table: 

VUlage  supplies  in  Antrim  County. 


c 

c 

♦*^ 

rt 

Town. 

U 

c 

Source. 

A"" 

•       > 

o 

£ 

Ai         i 

» 

den... 
itrira . 

'naire . 


600 
500  ± 


I   Feet. 

j    1,171 

603 

1,115 


Driven  wellB 

•/Driven     wells, 
\    Torch  Lake. 
Tubular  \«ell8. ... 


1,157 


1/ 


600 
614 


.do. 


'DtralLake.    1,301 


lestonia. 
wtport. . 

;ho 

lUworth. 

k  Rapids..,    2,200 
300± 


{  S^if 


350± 


mira,. 
nkton. 


wcelona . 


nons 

n;h  Lake . 


1,226 
300 


650 
600 


620 


610 
650 


5d5 


Depth  of  wieU». 


Feet, 
10 


FeeL 

125 

JJSO 


B 
B 

o 
u 


12 


1,233 
750 

1,117 


1,197 
600 


(Driven  wells,  and 
stream  by  water- 
works. 

[Springs  by  water- 
works, flowing 
wells,  lake. 

Driven  wells 

Driven     wells. 

Torch  I-Akc. 
Stream  and  lake. 

flowing  wells.     ^ 
jf  Driven      wells, 
1    springs,  lake. 
Elk  Lake  by  water- 1 

works,  driven 

wells. 

Driven  wells 

do 

{Tubular  wells  by 
waterworks 
driven  wells 

Driven  wells 100 

Driven      w  o  1 1  s  ,  |      15 
Torch  Lake. 


FeeT. 
100 


70 
fVaria- 


ie  I     115  ,     16^^ 


I 


•''I 


In 


4G 


330 


60 

75 
100 

12.'j 


100 
3<^ 


5i 


Feet. 
HX) 

15 

70 
Varia- 
ble. 

100 


W 


20| 
20 


65 


IOC 
20 


100 
20 


Fert. 

-  70 

-  90 
+     2 

-  8 

-  65 

-  60 
-135 

+    3 


+     3 


-  10 

-  10 


Springs. 


IStrong  west 
/    of  Alba. 

Small. 

Weak. 

Do. 


Strong. 

Very  strong, 
supplying 
water- 
works. 

Strong. 

Weak. 

Strong. 
Small. 


None. 


Weak. 
Do. 


{ 


-  'Je  !/' 

-  10  I 


Small. 
Do. 


o  Tost  well. 


CHABLEVOIX    COUWTY. 

Waterworks  have  been  installed  in  Bay  Shore,  Bo^aio,  Charlevoix, 
id  East  Jordan. 

BAY    SHORE. 

The  supply  at  Bay  Shore  is  pumped  from  Lake  Michigan  to  an  ele- 
ted  tank.  It  serves  mainly  for  lire  protection,  private  \vells  being 
5  main  domestic  supply. 

BOYNE. 

rhe  public  supply  is  from  springs  that  issue  at  the  base  of  promi- 
nt  hills  on  the  south  border  of  the  tow^n.  The  springs  are  in  a  marl 
1  under  a  foot  or  two  of  peat.  The  water,  as  may  be  expected,  is 
rd  and  contains  iron.  It  is  collected  under  a  shed  which  protects 
From  leaves  and  floating  refuse  matter,  and  flows  by  gravity  to  a 
ervoir  67  feet  above  the  level  of  Pine  Lake,  giving  it  all  the  pressure 
ailable  at  present. 


{ 
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CHARLEVOIX. 

At  Charlevoix  water  is  obtained  from  Lake  Michigan,  a  filtraticm 
gallery  being  used.  This  village  sunk  three  deep  wells  some  years  ago 
for  the  purpose  of  obtaining  a  supply,  but  this  proved  imsatisfactorj 
and  the  present  supply  was  recently  adopted.  Water  is  pumped 
direct  to  the  mains,  with  an  ordinary  pressure  of  50  pounds  and  fire 
pressure  of  100  pounds  or  more. 

EAST  JORDAN. 

The  supply  at  East  Jordan  is  from  nine  flowing  wells,  as  indicated  oq 
pages  339-340.  The  flow  of  these  wells,  amounting  to  56,000  galloDS 
a  day,  is  not  enough  to  meet  the  demands  of  the  town,  and  pumps  hare 
been  installed  which  draw  about  300,000  gallons  a  day  in  the  dry  por- 
tion of  the  summer.  The  water  is  pumped  to  an  elevated  tank  20  by 
20  by  24  feet,  standing  on  a  tower  at  suflScient  height  to  give  80 
pounds  pressure  at  lake  level.  It  has  a  temperature  of  46°  as  it  flows 
from  the  wells.  The  first  wells  were  made  in  1897,  but  some  are  as 
recent  as  1901.     An  analysis  is  given  in  the  table  on  page  340. 

MISCELLANEOUS   SUPPLIES. 

The  principal  data  on  village  supphes  are  embraced  in  the  following 

table : 

Village  supplies  in  Charlevoix  County. 


Town. 


Hotin*p. 


3C 


Advance !      100± 

Bay  Shore !      ."ViOi 

I 

Boyne |a2,45.'J 

J 
i 
Boync  Falls j      431 

Charlevoix |  2, 079 

Clarion j      200± 

East  Jordan !  1.2a'» 


Fret, 
m) 
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Ilorton  Bay. 
Ironton 

Norwood 


Phelps 

St.  James  (on  Beaver 
Island). 

Springvale 

Thumb  Lake 


150± 
"506±l 


".00 
f)'20 

G8.J 

rm 

000 

0(X) 
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rm 
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700± 
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aw 
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I  WellM,    lolt<?   atid 

si>riDi^. 
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wji!"fWi)rfefi,open 

an  j  ' Invito  -^pQh, 
Spriiigd  liy  watpr- 

works,     driven 

we  Us,  MMiie  flow- 

injT. 

Drivii'ii  wdl« ,*. 

Lake  Uit^hlfEttri  by 

.-.    w  «  t  ('  r  w  0  r  k  n , 

"    dnvi-ii  welli^. 

Wellr  iiiiii  frfsriups. . 

FIov.  !ii^    wii|k    hy 

w  ii  I  !■  r  w  *i  r  kft  , 

weiU I  ^^priripa. 

VVelN  ;iTi4  sjxririCfl  . . 
Well^  jiud  J*ini'  Liikt' 
Wellv     RTid     Liikff 

Mii'liii;an. 

()\yon  lAfllp , 

DriA in  wHlla,  Lake 

Michigan. 

Driven  wells 

Driven  wells,  lake  . . 


Dppth  of 


15 


a«+ 


90 

280 

17 

175 

m 


s. 

if 
Ft.\ritL 

»    -an 


00   an 


37 


100     ftS 

70   m 


f^ii^P' 


Lirp- 


4-  5 


[  ^ 

Soldi     ' 


-30 
-40 


None. 
Larger 


a  In  1904. 
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WATER  SUPPLIES  OF  OTSEGO  COUNTY. 

By  Frank  Leverett. 

rerieral  statement, — Otsego  County,  of  which  Oaylord  Ls  the  county 
b,  is  one  of  the  most  elevated  counties  in  the  north  end  of  the 
ithem  Peninsula  and  contains  the  headwaters  of  Au  Sable,  Man- 
e,  and  Cheboygan  rivers.  Its  western  edge  was  covered  by  the 
ie  Michigan  lobe,  but  the  remainder  of  the  county  by  ice  pushing 
Ihwestward  from  the  north  end  of  Lake  Huron.  There  is  an 
erlobate  moraine  in  the  southern  part  of  the  county,  with  Otsego 
ke  lying  in  the  midst.  The  portion  of  the  moraine  west  of  the  lake 
;he  product  of  the  Lake  Michigan  ice  lobe,  while  that  on  the  east 
8  formed  by  ice  from  the  Lake  Huron  basin.  To  the  north  and 
3t  of  this  interlobate  tract  is  an  extensive  gravel  plain  standing  in 
*  reentrant  angle  between  the  two  ice  lobes.  Its  altitude  at  the 
'them  edge  is  1,350  to  1,400  feet  above  the  sea,  or  nearly  as  high  as 
!  crest  of  the  moraines  which  sweep  around  it  on  the  east,  north,  and 
5t.  The  city  of  Gaylord  stands  on  this  gravel  plam.  The  portion 
the  county  northeast  of  Gaylord  is  all  morainic,  but  among  the 
raines  there  are  numerous  channels  apparently  formed  by  glacial 
bers  as  the  ice  was  shrinking  down  the  slope  toward  Lake  Huron, 
is  part  of  the  county  is  drained  northward  to  Cheboygan  River 
ough  Pigeon  and  Sturgeon  rivers.     The  southern  part  is  drained  to 

Au  Sable,  which  flows  eastward  to  Lake  Huron,  while  the  western 
^e  is  drained  by  the  M-anistee,  which  leads  westward  into  Lake 
^higan. 

The  drift  is  probably  several  hundred  feet  in  thickness  except,  per- 
3s,  in  the  northeastern  part.     Rock  in  this  part  of  the  State  is  not 
3wn  to  occur  at  an  altitude  greater  than  1)00  feet,  and  the  surface  of 
s  county  would  average  about  1,200  feet. 
WeUs. — Wells  on  the  elevated  tracts  1,350  to  1,450  feet  above  tide 

100  to  325  feet  in  depth,  the  deepest  well  reported  being  in  Dover 
y^Tiship,  a  few  miles  northeast  of  Gaylord .  Two  w(»lls  on  the  moraine 
itheast  of  Otsego  Lake,  at  an  altitude  of  1,375  to  1,400  feet,  are 
h  175  feet  deep  and  have  only  a  few  feet  of  water  in  the  bottom, 
lis  on  the  high  moraine  east  and  south  of  Elmira  are  from  130  to 
I  feet  in  depth.  On  the  high  morame  west  of  Vanderbilt,  John 
,mer  has  a  well  275  feet  in  depth,  on  ground  about  1 ,350  feet  above 
3,  in  which  there  is  only  30  feet  of  water;  after  penetrating  20  feet  of 
face  till, this  well  was  mainly  in  dry  gravel  and  sand  to  the  watcT  bed 
ibout270  feet.     On  the  gravel  plain  in  the  reentrant  angle  between 

Lake  Michigan  and  Lake  Huron  moraines,  northwest  of  Gaylord, 
eral  wells  are  160  to  175  feet  in  depth,  the  altitude  beuig  about 
SO  feet.  South  from  tli(\s(»  wells,  on  ground  about  1 ,325  feet  above 
>,  are  wells  100  to  120  feet  in  depth  w\ud\\\a\v>  ^eviTvivA^^  ^V^\fe^\>QV 
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water.  At  Gaylord,  at  an  altitude  of  about  1,340  feet,  the  usual deptkl 
of  wells  is  80  feet,  and  wells  are  80  to  120  feet  from  Gaylord  eastwai 
past  Johannesburg.  Around  Otsego  Lake  the  wells  are  much  shatl 
lower,  the  range  beuig  from  18  to  45  feet,  but  the  altitude  there  is  il 
little  less  than  1,300  feet.  Wells  are  also  obtained  at  depths  of  40tal 
50  feet  in  a  belt  running  northwest  from  Otsego  Lake  to  the  edgerfl 
Ehnira  Township.  ^Vround  Vanderbilt  the  wells  are  only  40  feet  and  I 
strike  water  at  30  feet;  but  this  town  is  on  a  gravel  plain  muchlowtfl 
than  that  at  Gaylord,  the  railroad  station  being  1,090  feet.  On  the  I 
moraine  north  of  Vanderbilt,  near  the  Ime  of  Otsego  and  Chebovgu] 
counties,  at  an  altitude  of  1,175  feet,  several  wells  are  about  180 feet] 
in  depth. 

The  following  communication  from  Mr.  J.  B.  F.  Gocha,  an  experi-  ] 
enced  well  driller  at  Gaylord,  gives  the  results  of  a  season's  drilling  in 
1901  in  that  region,  and  notes  concerning  the  deepest  well  yet  reportd. 
All  are  tubular  wells  except  one  in  Livingston  Township,  which  was  | 
driven. 


WeUs  in  Otsego  County  and  vicinity. 


Township. 


('ountv. 


IIay»'s Otsego 

Star Antrim 

Jiaglo V ( >ta»go 

D() do 

(iaviord do 

'  Do do 

BapU'y do 

Corwith do 

Hayes do 

laviiigston do 

Do do 

(Jaylord do 

llu'dsoii Charlevoix 

Wilson do 

Charlton ()ts«»p) 

Dovci' do 

Baj:lt'v do 

Do do 

Ilav<s <lo 

■  Do <lo 


■i'-J^-ivp* 


Inch(«.,  Ftd  , 


Mr.  Goclia  says: 

The  soil  in  (licsc  wells  is  mostly  plastor  sand,  with  soino  gravel  and  cobblostonc  and  hard- 
head stone  and  some  clay,  but  not  much.  Thos<^  wells  were  all  made  with  No.  60  gaii^*' 
points  or  screens,  with  P^ureka  brass  (cylinders  and  Maud  S.  pumps.  The  water  does  D^^*- 
rise  at  all  and  you  have  to  case  every  foot  of  it  [the  well].  In  my  325-foot  well  in  I^'^*"'^ 
Township  I  had  to  dU^  down  223  feet  and  put  in  a  4-inch  casing  7  feet  long  to  keep  the  s**^ 
and  water  from  holding  my  2-inch  casing  in  about  7  feet  of  clay.  There  was  3  fiHit  of  wft*^*" 
on. the  clay.  The  well  is  now  in  good  running  order,  and  I  am  going  to  put  in  a  lO-f*^**^ 
Fairbanks  windmill  to  pump  tlie  water.     The  water  is  hard.     It  is  for  farm  use. 

Springfi. — Springs  of  considerable  strength  are  found   along  tV^ 
borders  of  the  streams,  but  hillside  sj)rings  are  exceedingly  rare,  sinC^ 
the  wtiter  table  under  the  hills  is  nearly  as  low  as  in  the  surface  of  tli^ 
streams. 
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Wateruyorks. — The  public  supply  of  Gaylorcl  is  from  a  well  80  feet 
Bp,  from  which  water  is  pumped  to  a  standpipe.  The  well  penc- 
iled gravel  for  its  entire  depth  and  came  into  water  near  the  bottom, 
e  general  level  of  the  wat^r  table  being  nearly  80  feet  below  the  sur- 
ce.  Many  of  the  residents  depend  on  private  wells,  though  the  pub- 
;  water  supply  Ls  considered  of  good  quality. 

WATER  SUPPLIES  OF  MONTMORENCY  COUNTY. 

By  Frank  Leverett. 

Montmorency  County  lies  east  of  Otsego  County.  The  large 
orainic  belt  of  northeastern  Otsego  runs  southeastward  across  it, 
vering  much  of  the  central  and  southwestern  parts.  The  south- 
Bst  corner  is  on  an  elevated  gravel  plain.  The  northern  and  eastern 
irts  of  the  count}"  are  largely  sandy  plains,  in  which  there  are  small 
kes  and  swampy  areas,  some  being  of  considerable  -extent.  These 
ains  extend  southwestward  into  the  high  moraine  in  recesses  com- 
irable  to  the  finger-lake  tracts  of  the  Lake  Michigan  slope  in  Antrim 
fid  Charlevoix  counties  (pp.  333-334),  but  have  only  a  small  part  cov- 
red  with  lakes.  The  prominences  between  them  are  morainic  and 
ot  shaped  into  drumlin  form,  as  they  are  in  Antrim  and  Charlevoix 
ounties.  The  entire  drainage  is  tributary  to  Lake  Huron,  but 
rains  in  various  directions.  The  northwestern  part  of  the  county  is 
rained  northward  by  Black  River  to  the  Cheboygan ;  the  southwest- 
m  comer  southward  to  the  Au  Sable,  and  the  remainder  and  greater 
art  eastward  bj^  various  tributaries  of  Thunder  Bay  River  to  the 
ike  at  Alpena.  Each  stream  is  bordered  by  broad  sandy  tracts 
long  much  of  its  course.  Most  of  the  streams  originate  in  springs, 
^d  there  is  a  large  amount  of  seepage  into  them  from  the  bordering 
ains.  A  spring  a  few  miles  northeast  of  Atlanta  is  reported  to  dis- 
large  a  large  amount  of  inflammable  gas,  but  it  was  not  visited  by 
^  writer. 

There  are  few  settlers  except  in  or  near  Vienna  and  Lewiston  in  the 
uthwestern  part,  Atlanta  (the  county  seat)  in  the  central  part,  and 
^lltnan  in  the  eastern  part  of  the  county;  the  entire  pouplation  in 
OO  was  (mly  3,234.  The  main  fanning  settlements  are  within  a  few 
los  north  and  south  of  Ilillman,  where  the  soil  carries  a  consider- 
le  amount  of  clay  both  on  the  moraines  and  plains.  There  are  also 
iUmber  of  good  farms  in  the  southwestern  fourth  of  the  county, 
lofly  on  the  elevated  moraine  and  the  gravel  plain  outside  of  it. 
til  this  county,  as  in  Otsego,  wells  genendly  need  to  penetrate  to 
■^iit  the  level  of  tin*  base  of  the  morainic  ridges  to  find  adequate 
>plies.  At  Lewiston,  which  is  built  on  the  borders  of  Twin  Lakes, 
^  wells  are  shallow,  although  the  altitude  is  high.  At  Vienna,  and 
it  from  there  in  the  moraine,  the  wells  usually  reach  depths  of  100 
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feet  or  more.  Atlanta  is  in  a  plain  near  Thunder  Bay  River  and  has 
shallow  wells,  and  Hilhnan  (also  on  this  plain)  has  wells  of  moderate 
depth.  The  neighboring  farming  districts,  also  being  largely  on 
ground  but  little  above  the  river,  have  shallow  wells.  Lewiston  has 
waterworks  used  chiefly  for  fire  protection  and  supplied  from  Twin 
Lakes.  Ilillman  has  a  plant  for  fire  protection  supplied  from  Thun- 
der Bay  River.  Atlanta  is  planning  for  a  plant  for  fire  protection 
supplied  by  Thunder  Bay  River. 

The  principal  data  on  wells  in  and  near  the  villages  are  included  in 
the  following  table : 

Village  supplier  in  MorUniorency  County. 


Town. 


Elcva- 1 
tion.  I 


Source. 


'  Feet.   ' 

AttonU '  WK) 

Big  H«Hk a'lO  I 

Ilillman «)0 

Lewiston 1,20()  ' 

Valentine  Lake  "K'lO 

V'ienna 1 .  MX) 


From— 


1 


Depth  of  wells.         '  _     ^, 
1 I  Depth 


To- 


mon. 


J!'eeL 

Driven  wells '  14 

Driven  wells,  lakes j  10 

Thunder  Bay  Uiver.  by  |  25 
waterworks,  open  ana  I 
driven  wells.                    | 

Lakes,    by    waterworks.  }  22 
driven  wells.                   | 

Driven  wells i  30 

do 1  50 


Feet. 
24 
e5 
150 


Feet.   ,   Feet. 


36 


217  I 
140 


22 
30 
50 


45 
110 


25 


Head.  |  Springs. 


FeeL 
-15 
-30 
-30 


;  SmilL 


-22 


45  1. 
110  , 


-50  ,  8i 


Lam. 
SmdL 


WATER  SUPPLIES  OF  ALPENA  COUNTY. 

By  Frank  Leverett. 

Alj^ena  County  fronts  on  Lake  Huron  in  the  northeastern  part  of 
the  wSoutheru  Peninsula,  the  county  seat  being  the  city  of  Alpena.    It 
is  all  within  the  drainage  basin  of  Thunder  Bay  River  except  a  narrow 
strip  next  to  Lake  Huron.     The  southwestern  part  is  elevated  like 
the  adjoinin<!:  parts  of  Montmorency  and  Alcona  counties,  with  ridges 
risino:  to  nearly  1,200  feet,  and  has  very  few  settlers.     The  remainder 
of  tlio  county  is  comparatively  low,  most  of  it  being  between  700  and 
000  feet  above  tide.     There  are  a  few  square  miles  of  barren  sand 
alonc^  the  shore  of  Lake  Huron  west  and  south  of  Alpena  and  a  swamp 
in  the  nortliwestern  part  of  the  county  occupying  several  square 
miles.     With  these  excej)tions  and  counting  out  the  elevated  tracts 
in   the  southwest,   the  county  is  well  adapted  for  farming  and  is 
already  laro:eIy  under  cultivation.     In  the  northern  half,  rock  is  near 
the  surface,   and  in  a  limestone  district  w^hich  runs  from  Alpena 
northwestward  the  bed  rock  is  often  exposed  in  roadside  ditches  and 
forms  a  low  cliff  south  of  Lon^^;  Lake.     Sink  holes  abound  from  near 
Flanders,  northward   past  Long   Rapids,  into  Presque  Isle  Coimty. 
The  north  branch  of  Thunder  Bay  River,  when  the  country  was  first 
settled,  had  its  entire  low-water  flow  absorbed  by  a  sink  hole  at  the 
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of  its  valley  near  the  line  of  Presque  Isle  and  Alpena  counties, 
a  dam  has  now  been  constructed  which  prevents  it  from  entering, 
a  the  limestone  district  in  the  northern  part  of  the  county  the 
th  of  wells  varies  greatly  because  of  the  different  levels  at  which 
rcr  is  found  in  the  rock.  This  seems  to  be  completely  filled  with 
«r  only  to  a  level  a  little  above  Lake  Huron;  but  there  are  in 
3es  higher  shale  beds  that  prevent  the  water  from  going  directly 
m  to  this  low-water  table,  and  in  such  places  wells  can  usually  be 
I  at  moderate  depth,  though  even  in  these  places  they  often  reach 
iths  of  50  to  100  feet.  The  water  is  usually  of  good  quality  for 
iking,  though  very  hard. 

n  the  southern  half  of  the  county,  where  the  wells  draw  their  sup- 
from  the  drift,  the  depth  ranges  from  20  feet  to  about  120  feet, 
deepest  wells  being  on  the  ridges. 

Lt  Alpena  there  are  several  deep  wells  which  obtain  a  large  supply 
lowing  water  from  600  to  650  feet,  some  of  the  wells  being  carried 
nuch  greater  depths.  The  water  is  reported  to  rise  to  about  40 
,  above  Lake  Huron.  It  is  sulphated  and  sulphureted,  but  is  not 
y  salt  and  can  be  drunk  without  much  discomfort.  The  tempera- 
?  of  a  well  at  the  office  of  the  Fletcher  Paper  Company  was  53.5° 
A.ugust  8,  1905.  Analyses  appear  in  Water-Supply  Paper  No.  31, 
es  72  and  73. 

prings  are  not  so  conspicuous  in  this  county  as  in  the  higher 
nties  to  the  south  and  west,  but  there  are  weak  ones  along  the 
er  courses  at  numerous  points. 

'he  city  of  Alpena  purchased  in  1905  the  old  plant  of  a  private 
er  company  installed  in  1879,  which,  it  is  reported,  has  a  consid- 
^le  extent  of  wooden  mains  and  is  generally  run  down.  It  is 
posed  to  use  this  only  until  a  new  plant  can  be  installed.  The 
ply  is  drawn  from  Thunder  Bay  and  pumped  direct  to  the  mains, 
he  principal  data  concerning  the  supplies  at  the  several  villages 

in  vicinity  of  country  post-offices  are  presented  in  the  following 
le: 

Village  supplies  in  Alpena  County. 


Eleva- 
tion. 


I  Feet. 

a j  585-610 

n I  730 

o I  725 

ere I  760-SOO 

ard  Lake.  725 

Rapids..!  725-825 

;ke ;  604 


Doptli  of  wells.  Depth  to 

lfnrf>pki ~~        ™*'" 

'•^^    I  From-      To-      Common,  j     supply. 


I  Depth  , 


L 


Thtmdor  May.  deep  anri        0-80 
shallow  wolls.  I 

Open  and  drille<i  wells a-20 

do 5-20 

do .5080 

....do 

....do I      0-30 

Devil  Tliv<'r,  aprinps.  no    

wells.  I 


Fret.    I   Feci.       Feet. 


20  '     1,278 


Feet. 


v.. 

20  I 
•20  ! 
20  ; 


100 
100  I 

80 
130  ,. 

60 


50 


Variable. 
....do... 


I 


Feet. 

620 

.50-100 
50-100 
Variable. 
Do. 
60 
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WATER  SUPPLIES  OF  PRESQUE  ISLE  COUNTY. 
By  Frank  Leverett. 

General  statement. — Presque  Isle  County  has  an  extensive  frontage 
on  Lake  Huron  above  Alpena  County,  and  its  county  seat,  Rogers, 
stands  on  the  lake  shore.  The  greater  part  of  the  county  has  lime- 
stone at  slight  depth.  The  southwest  comer,  a  morainic  tract  in 
Moltke  Township  west  of  Rogers,  and  another  in  the  northwest  part 
of  the  county,  are  the  only  districts  in  the  county  w'here  the  drift 
deposits  are  so  thick  as  to  supply  wells  and  leave  the  distance  to  rock 
uncertain.  A  chain  of  sink  holes  in  the  southwest  comer  is  thought 
to  indicate  that  limestone  immediately  underlies  the  drift  there,  and 
if  so  the  entire  county  has  a  limestone  platform  beneath  the  drift, 
except  at  the  outcrops  of  the  narrow  strips  of  shale  that  occur  between 
the  limestones.  Low  escarpments  face  northeast  near  Ocqueoc  and 
south  of  Rogers,  continuing  southeastward  into  Alpena  County. 
Grand  Lake  and  Long  Lake  in  the  eastern  part  of  the  county  lie  at  the 
base  of  such  limestone  cUfTs. 

Part  of  the  southern  side  of  the  county  drains  into  the  north  fork 
of  Thunder  Bay  River  and  thence  southward.  The  southwest  part 
drains  northwestward,  through  Rainy  and  Black  rivers,  to  Cheboygan 
River.  A  narrow  belt  along  the  lake  front  drains  more  directly  to 
Lake  Huron  through  several  small  streams. 

lFfZ/.s'.  -The  best  supplies  of  water  in  the  limestone  are  found  at 
levels  nearly  as  low  as  the  surface  of  Lake  Huron.  This  is  well  shown 
at  Onaway,  where  the  largest  supplies  are  from  250  feet,  and  also  at 
numerous  farm  wells  in  the  central  and  eastern  parts  of  the  county. 
In  the  villages  the  wells  are  usually  of  less  depth,  drawing  on  weak 
surface  veins.  Xo  deep  wells  have  been  made  in  the  region  of  heavy 
drift  in  the  southwestern  part  of  the  county,  w^here  there  are  very  few 
settlers.  Th(»  belt  of  heavy  drift  in  Moltke  Townsliip  is  thickly  set- 
tled and  has  some  deep  wells,  several  being  over  100  feet,  and  one, 
that  of  F.  vSargenfrei,  in  sec.  23,  being  260  feet.  The  Sargenfrei  well 
is  about  270  feet  above  the  surface  of  Lake  Huron,  and  is  thought  to 
have  struck  rock  at  bottom.  The  other  wells  are  at  about  the  same 
altitude  and  have  not  reached  rock.  At  Rogers  there  is  a  gap  in  the 
limestone  l)hin'  filled  in  by  drift  to  a  level  50  to  80  feet  below  Lake 
Huron,  and  in  this  flowing  wells  may  be  obtained,  as  indicated  below. 

Flowing  wells  can  probably  be  obtained  only  on  low  ground  nea^ 
the  sliore  of  Lake  Huron.  A  flowing  well  has  l)een  obtained  at  a  grist- 
mill at  Rogers  by  penetrating  to  a  depth  of  about  100  feet.  It  struck 
water  in  gravel  and  has  a  head  15  feet  above  the  surface  and  abo^^ 

....  A 

30  feet  above  Lake  Huron.     The  well  is  6  inches  in  diameter  a^^ 
flows  2  barrels  a  minute." 


a  Keponed  by  N\  .  ¥ .  Coov^it. 
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lerwarks. — ^The  waterworks  plant  at  Onaway  in  the  western  part 
county  is  supplied  by  two  wells  190  and  235  feet  deep,  which 
rock  near  the  surface  and  are  largely  through  limestone.  The 
is  pumped  to  a  reservoir  on  a  hill  in  the  south  part  of  town, 
ng  nearly  100  feet  above  the  railway  station.  The  waterworks 
r  is  in  general  use  for  domestic  and  manufacturing  purposes,  as 
3  for  fire  protection  and  sprinkUng.  The  average  daily  consump- 
\  about  60,000  gallons.  • 

xeUaneous  village  supplies. — ^The  principal  data  on  supplies  at 
js  and  in  the  vicinity  of  country  post-offices  are  presented  in 
Ho  wing  table: 

VUlage  auppliea  ofPresque  Ide  County, 


EkTBr 

Sourt». 

0«pth 

to  rook. 

i>eiJlhof  weilft. 

1 

1 

^ 

1 

i 

j 

Spzln^. 

775 

TBS 
800 

S30 

600 

LAke  Htiinn,  weLls. . . . . . 

Feet. 

Feei. 

Feet. 
10 

m 

Feet, 
S 

30 

Feei. 

FeiL 

SnuU. 

ILLfl  ,.. 

Well* , 

50 

36 
13 

20 

-  5 

Strong. 
Small. 

Do, 

nr  La 

Open  uid  ctrLreD  welLa. .... 
Wdlls  and  itreanl^ ......... 

Open  wdlft 

• 

Drillwl  weUB.. 

5 
i      100, 

15 

1" 

;65 

300 

22 

250 

Do. 

DrLtledflOdopeawdJs..... 
Open  uiddrlTcn  wolh,  l«lce 

Nona. 

ABATER  SUPPLIES  OF  CHEBOYGAN  COUNTY. 

By  Frank  Leverett. 

GENEllAL  STATEMENT. 

boygan  County  fronts  on  Lake  Huron  immediately  east  of  the 
3  of  Mackinac.  It  is  comparatively  low  along  the  lake  shore, 
s  northern  half  has  only  a  few  square  miles  higher  than  200  feet 
lake  level.  Except  for  a  few  islands  this  part  was  once  covered 
ke  Algonquin.  It  contains  four  inland  lakes — Douglas,  Burt, 
-jj  and  Black — each  with  an  area  of  several  square  miles,  and 
\  smaller  lakes.  Its  southern  half  is  largely  morainic  and 
»s  altitudes  of  1,000  to  1,200  feet  on  the  south  border, 
h  of  the  streams  running  northward  through  the  southern  half 
county  flows  through  valleys  or  plains  1  to  3  miles  wide,  above 
the  moraines  rise  to  heights  of  200  feet  or  more.  The  eastern 
F  the  county  is  largely  unsettled  except  in  a  strip  running  south- 
ird  from  Cheboygan  past  Black  Lake  to  Onaway,  and  much  of 
>utheast  quarter  is  still  covered  by  hard-wood  forests.  The 
Ti  half  is  laro^elv  cleared  and  much  of  it  is  settled. 


MB  18 


a  Data  by  W.  Barker,  supcriDteudent  of  waterworks. 
-24 
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Limestone,  with  altitudes  ranging  from  350  feet  below  to  250  feel 
or  more  above  Lake  Huron,  immediately  underlies  the  drift  of  Cle- 
boygan  County  and  extends  nearly  to  the  southern  end  of  the  countj. 
It  is,  however,  covered  thickly  with  drift  in  the  southern  towndnp 
and  also  from  Mullet  and  Burt  lakes  southward,  and  is  sddoi 
reached  by  shallow  wells  in  the  north.  At  Cheboygan,  the  bed  of  i 
pre-Glacial  valley  350  feet  below  the  level  of  Lake  Huron  is  redni 
by  borings,  and  it  is  probable  that  this  valley  underlies  Mullet  Lib 
and  comes  in  from  the  south  past  Wolverine  along  or  ne^r  Sturgwi 
River  Valley,  for  a  boring  at  Wolverine  about  300  feet  deep  did  not 
reach  rock. 

In  the  settlements  made  on  the  moraines  in  the  southwestern  part 
of  the  county  and  in  a  rolling  tract  north  and  east  of  Douglas  and 
Burt  lakes,  wells  are  generally  sunk  to  the  level  of  neighboring  val- 
leys or  plains  or  to  depths  ranging  from  50  to  250  feet  or  more  In 
the  valleys  of  the  south,  and  in  the  bed  of  Lake  Algonquin  in  the  nortk 
part,  wells  are  usually  obtained  at  shallow  depths  unless  flowing welb 
are  desired.  These  are  usually  100  feet  or  more  in  depth  even  when 
on  ground  but  little  above  the  inland  lakes. 

The  conditions  are  favorable  for  obtaining  flowing  wells  around  the 
south  end  of  Burt  Lake,  and  along  the  western  border  of  Mullets 
Lake,  and  to  some  distance  southward  along  valleys  that  drain  into 
these  lakes.  It  is  probable  also  that  flowing  wells  could  be  obtained 
at  moderate  deptlis  along  Black  River  as  far  up  as  Black  Lake,  and 
perhaps  along  the  part  of  the  stream  above  the  lake,  as  far  as  settle- 
ments have  reached.  But  this  valley  has  not  as  yet  been  tested  sui- 
ciently  to  determine  the  artesian  prospects.  There  are  also  swampy 
tracts  along  the  northern  side  of  uplands  southwest  and  west  of  Che- 
boygan, in  which  flows  may  be  expected  if  borings  are  carried  to 
moderate  depths,  for  the  wells  on  these  uplands  have  a  head  some- 
what above  the  swamps,  beneath  which  the  underground  drainage  is 
likely  to  pass  on  its  way  to  Lake  Huron.  The  principal  development 
of  flowing  wells  has  been  at  Indian  River  and  other  points  at  the 
south  end  of  Burt  Lake,  and  along  the  west  side  of  Mullet  Lake. 

SPRINGS. 

At  the  south  edge  of  a  narrow  ridge  that  lies  between  Douglas  and 
Burt  lakes  is  a  spring  that  is  thought  to  be  the  largest  in  the  Southern 
Peninsula  of  Michigan.  It  emerges  from  the  ridge  as  a  torrent  about 
36  feet  wide  and  6  to  IS  inches  deep,  which  rushes  down  to  Burt 
Lake  with  a  fall  of  about  25  feet  in  a  distance  of  perhaps  one-half 
mile.  The  spring  at  its  point  of  emergence  is  about  75  feet  lower  than 
Douglas  Lake,  and  only  one-half  mile  distant,  and  is  thought  to  be  fed 
by  the  w^aters  of  that  lake.  After  leaving  the  field  the  writer  learned 
that  there  is  a  whirlpool  near  an  island  in  Douglas  Lake  which  marks 
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5  probable  intake  of  the  lake  water.  The  temperature  of  the  spring 
October  29,  1904,  was  found  to  be  50"^  F.,  which  is  about  4"^  higher 
m  the  temperature  of  flowing  wells  in  that  region,  and  in  harmony 
th  shallow  wells  supplied  with  surface  water,  and  whose  tempera- 
re  at  that  time  of  the  year  is  about  at  its  maximum.  Possibly  a 
3re  careful  investigation  would  fully  settle  the  question  of  the  rela- 
m  of  this  spring  to  Douglas  Lake.  Easily  recognized  objects  or 
bstances  if  thrown  into  the  whirlpool  in  the  lake  might  be  detected 
the  spring  and  perhaps  the  rate  of  flow  from  the  lake  to  the  spring 
termined. 

WATERWORKS. 

CHEBOYOAH. 

The  waterworks  plant  is  supplied  from  drilled  wells  408  feet  in 
pth  which  would  flow  if  permitted,  but  is  provided  with  an  air  lift 
order  to  increase  the  yield.  The  temperature  is  51.8*^  F.,  or  about 
higher  than  from  the  shallow  flowing  wells  of  that  region." 
The  wells  penetrated  about  360  feet  of  drift  of  which  the  upper  part 
a  depth  of  150  feet  is  largely  clay,  but  the  remainder  is  nearly  all 
nd.  The  wells  terminate  in  dolomitic  hmestone,  of  the  Monroe 
oup.  The  record  of  a  deep  boring  at  Cheboygan  (2,750  feet),  made 
test  prospects  for  oil  and  gas,  appears  in  the  report  of  the  State 
ologist  for  1901,  pages  230-231. 

MISCELI^INEOUS  VILLAGE  SUPPLIES. 

At  Freedom,  on  the  shore  of  Lake  Huron,  wells  are  driven  to  depths 
30  to  50  feet,  or  about  to  the  level  of  Lake  Huron. 
It  Mullet  Lake   and  Indian   River  the  main  supplies  are  from 
iving  wells,  which  are  discussed  below. 

\t  Rondo,  Wolverine,  and  Trowbridge,  in  the  valley  of  Sturgeon 
sp-er,  water  is  usually  found  at  depths  of  25  to  75  feet  and  on  the 
r  bottom  lands  at  less  than  25  feet.  An  oil  boring  at  Wolverine 
ground  62  feet  above  the  railway  station,  or  835  feet  above  tide, 
s  abandoned  at  about  300  feet  without  reacliing  rock.  It  found  a 
ge  amount  of  water,  but  the  pressure  was  not  sufficient  for  a  flow. 

FLOWING  WELLS,  b 

MULLET  LAKE.^ 

A  flowing  well  some  2  or  3  miles  back  from  Mullet  Lake  on  the 
m  of  George  Long,  sec.  1,  T.  36  N.,  R.  2  W.,  suggests  the  possi- 
!ty  of  a  large  extension  of  the  flowing-well  district  to  the  west  from 
northern  part  of  Mullet  Lake,  but  this  is  at  present  the  only  well 
k  from  the  immediate  lake  border.     The  Long  well  was  visited 

QData  from  A.  C.  I.anc.  *»  By  W.  M.  Gregory.  c  By  Frank  Leverett.  i 
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by  the  writer  in  October,  1904,  and  found  to  have  an  altitude  about 
60  feet  above  Mullet  Lake,  or  650  feet  above  tide,  and  to  be  bordered 
on  the  southwest  by  a  range  of  hills  100  feet  higher.  Its  depth  is  97 
feet,  its  head  26  feet,  and  its  flow  2  gallons  a  minute  through  a  l-inch 
pipe.  The  temperature  October  26,  1904,  was  46^  F.  The  well 
passed  through  30  feet  of  hard  clay  just  before  striking  the  water- 
bearing gravel  at  bottom  of  well. 

HAAKWOOD.a 

At  Haakwood  station  on  the  Michigan  Central  Railroad  about? 
miles  south  of  Indian  River  in  the  Sturgeon  River  Valley  is  a  strong 
flowing  well  made  by  the  Haak  Lumber  Company.  The  depth  is  I 
205  feet,  diameter  3.5  inches,  and  flow  about  9*  gallons  a  minute. 
The  well  penetrated  surface  sand  for  100  feet,  then  clay  for  100  feet, 
and  obtained  water  from  gravel  at  bottom.  The  water  will  run 
from  the  top  of  a  pipe  extending  18  to  20  feet  above  the  surface  of 
the  ground,  but  how  much  higher  it  will  rise  it  has  not  been  ascer- 
tained. The  water  is  distributed  as  follows:  One  main  about  300 
feet  long  to  bam;  another  about  1,200  feet  long  to  the  sawmill,  and 
also  1,200  feet  to  some  tenement  houses.  There  are  nine  taps  with 
nozzles  that  reduce  the  flow  at  each  tap  to  a  small  stream  that  runs 
constantly. 

The  following  analysis  of  this  flowing-well  water  was  made  at 
Saginaw  by  H.  and  W.  Heim,  analytical  chemists,  September  11, 
1900: 

Analysis  of  voater  of  Haakwood  weU.^ 

Parts  per  million. 

Total  residue 297. 5 

Total  mineral  residue 227. 5 

Hardness 185.72 

Permanent  hardness 42. 86 

SUica  (Si02) 5. 50 

Iron  and  alumina  (FejO^,  AljOj) 37 

Calcium  (Ca) 60. 01 

Magnesium  (Mg) 10.03 

Sulphate  radicle  (SO^) 12. 35 

Carbonate  radicle  (CO3) 86.91 

Chlorine  (CI) Trace. 

Nitrates  and  nitrites None. 

211.80 

No  Other  wells  have  been  drilled'  at  this  point  to  sufficient  depth 
to  reach  this  water  bed.     The  valley  is  bordered  by  high  morainic 

a  Data  by  Ilaak  Lumber  Company. 

h  Expressed  by  analyst  in  hjrpothetical  combinations;  recomi>uted  to  ionic  form  at  United  States 
Qeological  Survey. 
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lills  on  either  side,  which  probably  serve  as  a  catchment  area,  and 
flows  should  be  obtained  in  it  wherever  the  water  beds  are  confined 
by  clay,  as  in  this  well. 

CHSBOTOAH. 

In  the  city  of  Cheboygan  good  flows  were  formerly  obtained  at 
depths  of  20  to  100  feet  in  a  strip  of  land  bordering  Cheboygan  River. 
Mr.  Spiller,  a  retired  well  driller,  says  that  a  number  of  weUs  drilled 
by  him  twenty  to  twenty7five  years  ago  gave  strong  flows  at  that 
time,  although  at  present  the  water  in  them  stands  at  nearly  the 
same  level  as  in  the  river.  Messrs.  Robert  Patterson,  Harris  Embry, 
Withnow,  and  Brenton,  all  neighbors  of  Mr.  Spiller,  have  wells  at 
60, 30,  19,  and  25  feet  deep,  respectively.  These  all  formerly  flowed, 
but  now  the  water  level  is  15  to  20  feet  below  the  surface.  The 
cause  of  the  decrease  in  head  is  thought  to  be  due  to  dredging  a 
10-foot  channel  in  the  river.  Mr.  Spiller  observed  that  during  the 
blasting  for  the  removal  of  some  of  the  large  bowlders  all  the  wells 
of  his  neighborhood  ceased  to  flow.  At  the  tannery  of  the  Northern 
Extract  Company  several  flowing  welk  were  used  for  a  few  years, 
but  at  the  present  time  a  flowing  well  6  inches  in  diameter  and  629 
feet  deep  furnishes  an  abundant  supply  of  a  hard  alkaline  water. 
There  are  several  other  deep  weUs  in  Cheboygan.  Three  are  owned 
by  the  Fletcher  Paper  Company  and  one  by  C.  Moench  Sons  Com- 
pany. The  city  waterworks  are  supplied  by  a  flowing  well  408  feet 
deep,  which,  according  to  Dr.  A.C.  Lane,has  a  temperature  of  51.8°  F." 

IKDIAN  BIVEK  ABEA. 

The  artesian  wells  of  Indian  River  are  within  an  area  of  2  square 
Guiles  at  the  outlet  of  Burt  Lake.  The  wells  are  on  a  low  sand  plain 
between  higher  tracts  to  the  north  and  south  of  the  village.  The 
elevation  of  the  well  district  varies  from  600  to  640  feet  above  tide 
(see  fig.  65,  next  page),  while  the  catchment  area  to  the  south 
attains,  within  8  or  10  miles,  an  altitude  of  more  than  1,000  feet. 

The  wells  of  Indian  River  belong  to  a  general  belt  wliich  extends 
from  Harbor  Springs  to  Cheboygan,  as  outlined  in  the  Harbor  Springs 
discussion  (pp.  366-370),  and  it  is  probable  that  flows  may  be 
obtained  from  Indian  River  all  along  the  south  and  east  shore  of 
Burt  Lake  and  the  marsh  that  connects  Crooked  Lake  with  Burt  Lake. 

In  the  limits  of  the  Indian  River  area  43  flowing  weUs  have  been 
made,  and  at  the  date  of  observation  (August,  1904)  40  were  in  opera- 
tion. In  this  village  the  first  well  was  made  in  1889  by  George  Pat- 
terson, and  has  been  flowing  with  no  apparent  decrease  in  volume 
since  drilling.  The  wells  in  the  village  are  used  entirely  for  domestic 
and  laundry  purposes,  while  at  the  summer  resort  of  Columbus  Beach 

o  Geol.  Survey  of  Michigan.  Aim.  Kept,  lor  1901,  pp.  230, '24&,  249. 
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the  purity  and  abundance  of  the  water  are  attractions  for  sumnw 
hom?s.  The  summer  population  at  Ck)lumbus  Beach  is  supjdied 
from  17  wells,  the  abundance  and  pressure  of  the  water  being  guck 
that  some  places  have  batlirooms  on  the  second  floor. 


The  wells  are  drilled  by  contract,  the  price  varying  from  $60 
§125,  according  to  the  depth.  The  toughness  of  the  clay  beds  i 
the  presence  of  bowlders  in  a  few  of  the  wells  renders  drilling  rat 
slow  north  of  the  river,  and  four  days  is  the  visual  imve  for  comp 
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5  a  well,  though  some  of  the  wells  with  plenty  of  sand  have  been 
mpleted  in  two  days.  No  rock  has  been  reached  and  casing  has 
►t  been  found  necessary  except  in  wells  where  the  sand  was  trouble- 
me. 

In  this  area  it  is  fortunate  that  the  overlying  beds  are  so  impervi- 
IS,  otherwise  much  of  the  pressure  would  be  lost  and  trouble  would 
i  experienced  in  leakage  about  the  pipe,  as  is  occasionally  found  in 
ells  at  Onekama  and  West  Branch.  In  this  region  the  wells  are 
•eatly  appreciated,  as  is  shown  by  the  presence  of  a  number  of  care- 
illy  piped  wells  with  check  valves,  as  the  wells  of  Mr.  Martin, 
".  H.  Morgan,  and  others.  At  the  summer  resort  of  Columbus  Beach 
le  wells  are  carefully  shut  off  for  the  winter. 

Flow. — The  total  flow  of  wells  in  this  district  was  determined 
\  measuring  wells  flowing  freely,  and  making  estimates  of  those 
ith  check  valves  and  of  those  piped  to  several  -houses.  Such  esti- 
lates  have  been  starred  in  the  tabulation  of  well  data  from  this 
•ea.  Mr.  Morgan,  a  practical  well  driller,  is  the  authority  for  the 
)w  of  a  number  of  weUs,  which  were  measured  at  time  of  drilling, 
lie  total  flow  is  5,448  gallons  a  minute,  which  includes  estimates 
I  weUs  which  are  reduced  or  have  check  valves.  This  is  an  aver- 
se of  136.2  gallons  a  minute  for  each  well  and  is  the  highest  aver- 
;e  of  any  well  area  examined  in  this  region.  The  well  having  the 
rgest  flow  is  that  belonging  to  Mr.  Mihan  Green  (No.  24  on  table), 
hich  out  of  several  tests  has  given  224  gallons  a  minute  as  the  aver- 
se. No  trouble  has  been  experienced  with  a  decrease  in  the  head 
id  no  records  are  at  hand  to  indicate  any  failure  to  obtain  a  supply. 
In  drilling  for  water  in  this  area  only  one  bed  has  been  found  which 
elds  a  usable  flow.  This  bed  is  irregular  in  depth  in  various  parts 
town  and  appears  to  dip  slightly  west  to  Burt  Lake.  It  ranges  in 
ipth  from  86  feet  below  the  surface,  as  in  the  well  of  Mr.  B.  Field's 
lO.  21)  in  the  eastern  part  of  to^^^l,  to  175  feet  at  the  Columbus 
?ach  Club  house  (No.  38). 

The  bed  is  about  10  feet  tliick  and  is  of  rather  coarse  gravel,  with  a 
ght  admixture  of  sand,  which  flows  out  in  a  few  days  after  the  well 
completed.  The  water  bed  may  not  be  far  above  the  rock,  as  at 
e  Colonial  Hotel,  4  miles  northwest,  rock  is  found  at  140  feet,  and  2 
iles  to  the  south  rock  ledges  are  present  in  liills  which  are  100  feet 
gher  than  the  village. 

The  wells  south  of  the  river  have  sand  beds  at  the  surface  from  30 
50  feet  thick,  and  the  remainder  is  hard  clay.  The  latter  is  varied 
a  few  of  the  wells  by  having  many  sand  and  gravel  layers  which 
eld  some  water,  but  not  enough  for  a  flow.  North  of  the  river  hard- 
en clay  is  on  the  surface  and  forms  the  larger  part  of  the  ^vells  for 
►out  40  feet,  as  at  Mr.  T.  Dagwell's  well  (No.  17),  which  has  a  smaU 
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surface  layer  of  sand  and  the  remainder  clay,'  the  upper  part  of  whii 
contains  bowlders. 

The  wells  at  Columbus  Beach  have  the  finest  beds  of  sand  midwiy 
of  the  depth  and  small  beds  of  light-colored  clay  below.  Nofaihw 
to  reach  the  water  bed  was  reported,  but  there  are  wells  which  do  oot 
flow.  The  wjbU  at  the  pubUc  school  (No.  41)  did  not  flow,  the  water 
being  about  10  feet  below  the  surface.  By  cutting  off  the  pipe  and 
carrying  the  water  down  the  hill  some  10  feet  a  weak  flow  was  midft 

Well  drillers  will  not  try  for  a  flow  when  the  surface  is  over  30  feet 
above  the  water  level  of  the  river,  and  on  the  map  (fig.  65)  it  wiDbe 
seen  that  flowing  wells  are  below  the  640-foot  contour.  In  all  parts 
of  the  village  south  of  the  river  flows  may  be  found,  but  to  the  noA 
the  area  is  limited. 

The  wells  have  the  strongest  force  near  the  river,  and  some  of  the 
homes  are  fitted  up  with  flush  closets  and  bathrooms,  using  the  water 
in  the  same  manner  as^  city  supply.  Mr.  W.  H.  Morgan  (No.  7)  has 
sinks,  closets,  and  bathroom;  none  of  the  water  is  wasted,  as  it  is  con- 
trolled by  check  valves.  Mr.  F.  E.  Martin  (No.  2)  has  coupled  both 
his  wells  to  a  small  hand  fire  engine,  which  gives  plenty  of  water,  and 
a  good  pressure  in  case  of  fire.  A  small  plant  for  village  fire  protec- 
tion could  be  installed  at  small  expense  by  use  of  a  gas  engine  and 
small  distributing  pipes,  or  a  portable  hand  engine  fitted  for  quick 
connection  with  several  wells  scattered  about  the  village.  The  Alcove 
Hotel  has  sinks  for  kitchen  use,  flush  closets  in  second  story,  and  4 
stationary  stands  in  a  wash  room,  all  supplied  from  one  well.  The 
water  from  this  well  rose  23  feet  in  a  hose  attached  to  it,  and  with  the 
nozzle  at  the  mouth  of  the  well  the  water  went  vertically  12  feet  into 
the  air. 

Several  ornamental  fountains  are  operated  by  wells.  Medbury's 
well  (No.  34)  supplies  several  families  and  a  fountain;  in  the  latter 
water  rises  15  feet  through  a  quarter-inch  aperture. 

The  Indian  River  area  is  in  a  valley  or  lowland  plain  at  the  outlet 
of  Burt  Lake.  To  the  south,  about  685  feet  above  tide,  is  a  sand 
plain,  which  is  several  miles  wide  and  ends  some  3  miles  south  of  Indian 
River  in  morainal  hills,  which  show  rock  outcrops  up  to  720  feet  above 
tide,  the  drift  surface  being  about  100  feet  higher  there  and  of  much 
greater  altitude  farther  south.  There  beds  of  loose-textured  drift 
material,  dipping  to  the  north  and  covered  by  the  later  deposits  of 
lake  sand  and  clay,  form  the  probable  catchment  area  of  the  weUs. 

Clay,  with  a  few  bowlders,  is  present  north  of  the  village,  but  the 
highest  hills  in  that  direction  scarcely  reach  an  elevation  of  850  feet. 
On  the  eastern  side  of  Burt  Lake  the  sand-capped  clay  is  40  feet  above 
"ake  level,  as  shown  by  the  abundance  of  springs.    The  porous  over- 
wash  to  the  north  may  contribute  somewhat  to  the  flows  of  Indian 
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iver,  but  the  lai^er  supply  is  believed  to  come  from  the  beds  to  the 
>uth. 

Quality  of  water. — Examination  of  water  from  several  wells  of  Indian 

IBiver  shows  that  its  hardness  averages  a  Uttle  higher  than  that  from 

Oden,  Harbor  Springs,  or  Conway.    Complaints  are  frequent  .that  the 

^mrater  is  hard,  requiring  the  use  of  softening  compounds  for  laundry 

purposes,  though  it  is  excellent  for  drinking.    Sulphates  were  absent 

£rom  the  waters  examined,   and  chlorides  were  present  in  small 

ttmount.    The  hardness  is  easily  remedied,  and  this  is  fortunate,  for 

^the  chief  use  of  the  water  in  this  district  is  for  domestic  purposes. 

T^he  presence  of  iron  was  not  indicated  by  tests  or  deposits  of  the  car- 

lx>nate  about  any  of  the  wells.    The  results  of  testing  wells  by  the 

field  method  are  shown  in  the  following  analyses: 

> 

Fidd  analyses  cf  water  from  wells  at  Indian  River. 


[Parts  per  milUon.] 

1. 

2. 

HwlnMn                                                                                                           

227 

1»5 

60 

0 

0 

178 

Carbonates 

192 

Chlorides 

15 

Salphatee 

0 

iitm:_^::                                          ....................... 

0 

1.  Alcove  notel  (No.  5).    2.  T.  C.  Herrick  (No  26.) 

The  temperature  of  the  wells  averages  sUghtly  above  48°  F.,  which 
is  6°  higher  than  the  mean  annual  temperature  of  Indian  River.  The 
large  flowage  of  water  of  this  temperature  into  Indian  River  may 
acccount  for  its  open  condition  in  winter,  while  Sturgeon  River  with- 
out such  a  supply,  is  frozen 

The  temperature  of  the  water  makes  it  especially  useful  in  domestic 
tieeds,  doing  away  with  the  use  of  ice.  In  the  general  store  of  Mr. 
t'.  E.  Martin  an  excellent  butter  room  has  been  constructed  in  the 
basement  by  using  the  flowing  water,  which  gives  a  satisfactory  tem- 
perature for  keeping  dairy  and  farm  products  for  the  market. 

The  average  temperature  of  these  wells  is  exactly  what  sanitary 
ofl&cials  of  the  larger  cities  demand  for  the  storage  of  butter  and  milk 
during  the  summer  months.  This  not  only  makes  a  well  of  especial 
value,  but  is  an  attraction  to  the  summer  residents. 

The  growth  of  algae  in  the  water  is  seldom  sufficient  to  be  an  objec- 
tion to  its  use.  Indeed  the  wells  generally  are  remarkably  free  from 
organic  growths  such  as  are  due  to  water  standing  too  long  m  tanks 
exposed  to  the  sun's  rays. 
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KULLET  Am)  BUBT  LAKES. 

Wdls  at  Burt  Lake. 
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WATER  SUPPLIES  OF  EMMET  COUNTY. 

By  Frank  Leverett. 

GENERAL  STATE»fENT. 

Emmet  County  fronts  on  Lake  Michigan  at  the  west  end  of  the 
Straits  of  Mackinac  and  extends  south  to  include  Little  Traverse  Bay. 
The  part  south  of  this  bay  was  described  in  connection  with  the  & 
cussion  of  Charlevoix  and  Antrim  counties,  it  being  in  the  region  i 
drumlins  and  finger  lakes.  From  Little  Traverse  Bay  eastw^isi 
lowland  strip,  which  runs  through  to  Lake  Huron  past  Burt  and  Mul- 
let lakes  in  Cheboygan  County.  North  of  this  and  north  of  Little 
Traverse  Bay  are  very  prominent  uplands  rising  in  places  to  an  alti- 
tude of  400  to  500  feet  above  Lake  Michigan.  These  high  tracts  are 
composed  of  loose-textured  drift,  into  which  the  water  table  sinks  to  a 
great  depth.  A  well  dug  by  a  farmer,  C.  Cobleman,  on  one  of  the  hi^ 
est  points  in  the  northeast  part  of  T.  36  N.,  R.  5  W.,  found  the  watff 
table  400  feet  below  the  surface.  The  well  is  404  feet  and  water  is 
dra^^Tl  from  the  bottom.  It  was  at  first  drawn  by  horsepower,  the 
horse  bemg  driven  around  a  drum,  on  which  the  rope  was  wound,  but 
is  now  fitted  with  a  12-foot  windmill  wheel.  Its  bottom  is  probably 
100  feet  above  Lake  Michigan. 

Near  the  west  side  of  the  highlands  are  blowing  wells,  also  of  great 
depth.  One  in  sec^  29,  T.  37  N.,  R.  6  W.,  on  the  farm  of  J.  Bradley, 
was  dug  300  feet  and  cemented  all  the  way  do\\Ti.  Then  a  boring  65 
feet  deep  was  made  in  the  bottom  to  reach  water.  The  well  under 
certain  barometric  conditions  has  a  strong  down  draft  and  under  other 
conditions  a  strong  upward  rush  of  air.  A  whistle  has  been*  attached 
to  the  well,  and  this,  it  is  said,  is  blown  with  sufficient  force  at  certain 
times  to  be  hoard  a  mile  away.  Notwithstanding  the  great  depth  to 
the  water  table  this  upland  carried  a  heavy  forest  growth,  and  orchards 
planted  on  it  are  not  aflfected  by  drought.  A  large  part  of  the  rainfall 
seems  to  be  kept  within  reach  of  the  roots. 

The  lowland  leading  east  of  Little  Traverse  Bay  and  also  the  north 
border  of  the  bay  furnish  strong  flowing  wells,  which  have  been  studied 
by  Mr.  Gregory,  and  are  discussed  below.  It  is  probable  that  flowing 
wells  can  be  obtained  at  moderate  depth  at  the  north  border  of  the 
highland  tracts  just  mentioned  and  in  recesses  along  the  shore  of  Lake 
Michigan,  but  none  have  as  yet  been  reported.  In  the  map  accom- 
panying Mr.  Gregory's  report  the  prospective,  as  well  as  present,  flow- 
ing-well districts  are  represented. 

The  portion  of  the  county  south  of  Little  Traverse  Bay  and  of  tlu 
lowland  running  east  of  the  bay  has  limestone  up  to  a  height  of  100  t< 
150  feet  above  the  level  of  the  bay  and  extends  about  to  the  middl 
part  of  the  lowland,  though  at  an  altitude  but  little  above  the  baj 
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rth  of  the  lowland  the  rock  surface,  as  indicated  by  the  deep  borings 
the  uplands  and  by  the  deep  flowing  wells  in  the  lowlands,  is  at  a 
nparatively  low  altitude,  and  it  may  be  largely  below  the  level  of 
ke  Michigan.  At  the  north  end  of  the  county,  however,  it  outcrops 
heights  of  75  to  100  feet  above  lake  level  and  is  penetrated  at  slight 
pth  by  nearly  all  the  wells  in  Mackinaw  City. 

MlSCEIJ[iANEOUS  VILLAGE  SUPPLIES, 

The  villages  of  Alanson,  Oden,  Conway,  Wequetonsing,  and  Har- 
T  Springs  are  suppUed  with  flowing  wells  and  but  few  others  are  in 
e  (see  pp.  365-378). 

Data  on  the  supplies  of  other  villages  and  of  the  regions  around 
untry  post-offices  are  presented  in  the  following  table : 

Village  s  applies  in  Emmet  County. (^ 
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Driven  wells 

Ojxjn  and  driven  wells. . 

Driven  wells 

Driven  wells,  stream . . . 
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FLOWING  WELLS. 


PET08KET  AHD  BAT  VIEW.  6 

A  well  near  the  mouth  of  Bear  Creek  in  the  west  part  of  Petoskey, 
►out  10  feet  above  Lake  Michigan,  was  sunk  to  a  depth  of  489  i  feet 
id  struck  a  strong  flow  of  sulphur  water  at  295  feet  beneath  a  thin 
d  of  blue  shale. 
Another  well  at  Bay  View,  near  the  east  end  of  Little  Traverse  Bay, 

an  altitude  about  5  feet  above  the  bay,  found  under  a  very  hard 
ratuni  of  limestone,  a  flow  estimated  at  200  barrels  an  hour.  In 
>th  wells  limestone  is  near  the  surface,  and  the  wells  seem  to  belong 

a  different  class  from  those  across  the  bay  at  Harbor  Springs  (see 
).  366-370),  being  unlike  them  in  quality  as  well  as  in  geologic 
lations. 


a  Not  including  those  with  flowing  wells. 


6  Data  by  A.  W.  Grubau. 
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HARBOR  SPRIHOS  AND  WEQUSTOKSIKO  AREAS. 

(kmral  relatlon.9.—This  area  is  a  narrow  strip  of  land  not  more 
than  oTie-lialf  mile  in  width  and  5  miles  in  length,  along  the  north 
shore  of  Little  Traverse  Bay  (fig.  66).  It  is  at  the  west  end  of  an 
almost  continuous  belt  of  flowing  wells  extending  from  Harbor 
Springs  on  the  Lake  Michigan  shore  to  Cheboygan  on  the  Lake  Huron 
shore.  In  fact,  the  Harbor  Springs  area  is  separated  only  by  a  strip 
of  sand  dunes  from  the  remainder  of  the  belt.  To  the  north  of  this 
narrow  artesian  belt  is  higher  land  with  loose-textured  drift  which  in 
places  rcMiclies  an  altitude  of  400  feet  or  more  above  the  flowing- well 
district,  while  to  the  south  an  even  higher  altitude  is  attained  within 
a  few  miles.  This  entire  artesian  district  embraces  the  flowing  wells 
of  Cheboygan,  Mullet  Lake,  Topinabee,  Indian  River,  Burt  Lake» 
Alanson,  Oden,  and  Conway,  as  well  as  those  of  Harbor  Springs  and 
Wequetonsing.  It  lies  along  what  is  known  as  the  ''inland  lake 
route"  between  the  resorts  on  Little  Traverse  Bay  and  the  city  of 
Cheboygan  on  Lake  Huron. 

Records  from  different  sections  show  the  drift  to  be  loosely  con- 
solidated at  the  surface,  and  succeeded  by  alternate  layers  of  clay  and 
somewhat  consolidated  gravel  and  sand,  porous  enough  to  take  in 
water.  The  amount  of  imderground  water  that  the  drift  absorbs  must 
be  great,  as  may  ho  inferred  by  the  relative  scarcity  of  small  creeks 
or  lines  of  surface*  drainage.  The  scarcity  is  greater  in  the  high- 
lands north  of  this  flowing-well  district  than  south,  and  it  is  probable 
that  the  main  catchment  area  is  on  the  north. 

Within  th(»  limits  of  the  Harbor  Springs  and  Wequetonsing  area 
then^  were  72  flowing  w(*lls  in  August,  1904,  of  which  41  were  at  Har- 
bor Springs  and  31  at  Wequetonsing.  The  first  well  was  drilled  in 
1SS7  by  Charles  Ross,  being  discovered  accidentally  while  driving 
piles  for  a  dock.  When  a  pipe  was  driven  through  the  clay  into  the 
underlying  bed  of  gravel  and  sand  the  water  rose  10  feet  above  the 
lake  level  and  is  still  flowing.  It  is  well  No.  48  on  accompanying 
table.  Flowing  wells  of  tliis  class  supply  a  large  number  of  homes 
with  abundant  water,  while  the  waterworks,  owned  by  E.  Shay  & 
(■().,  diM-ive  ihoir  supply  for  public  consumption  from  nine  floT^Tng 
wells,  rangin<i:  in  depth  from  64  to  320  feet,  and  flowing  3,000,000 
gallons  a  day. 

The  shallow  wells  arc  made  by  driving  a  2-inch  pipe  with  a  strong 
point  and  screen  to  the  water  bed.  Such  wells  cost  from  $50  to  $70, 
including  pipe  and  labor.  The  dee])er  weUs  are  driUed  and  some  are 
cased  to  shut  off  water  from  the  upper  bed,  and  cost  from  75  cents  to 
$1.30  a  foot. 

Flows  from  the  upper  water  bed  require  frequent  sand  pumping  to 
maintain  a  good  flow.  At  present  only  a  few  are  checked.  No  decrease 
in  head  has  resulted  from  this  practice,  although  some  of  the  citizens 
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have  agitated  the  question  of  having  all  the  wells  controlled.  Some 
of  the  numerous  fountains  at  Wequetonsing  might  be  cut  down  witk 
no  inconvenience. 

Flow, — The  total  flow  of  the  Harbor  Springs  and  Wequetonsing 
wells  amounts  to  430.9  gallons  a  minute,  not  including  about  275  gal- 
lons a  minute  from  the  nine  wells  at  the  city  waterworks.  Aside  from 
these  the  greatest  flow  is  33  gallons  a  minute  from  the  well  of  Homer 
Clark  (No.  55),  which  draws  from  the  upper  water  bed.  The  wdl 
of  Doctor  Ban-  (No.  7)  and  Hughston  (No.  6)  have  large  flows,  aud 
are  also  from  a  shallow  water  bed.  Mr.  E.  Shay,  of  Harbor  Springg, 
has  observed  the  wells  since  they  were  drilled,  and  states  that  the  nine 
wells  at  the  city  waterworks  have  their  flow  increased  as  much  as  10 
per  cent  after  a  rainy  season.  Some  of  the  well  drillers  claim  that  thft 
flow  from  wells  is  greater  during  the  spring  than  in  the  late  autumn, 
but  none  of  these  statements  are  as  yet  supported  by  precise  data. 

At  the  Wequetonsing  resort  three  water  beds  are  developed.  The 
upper  is  the  stronger;  it  varies  in  depth  from  30  to  40  feet  in 
eastern  to  50  feet  in  the  central  part  of  the  resort;  on  the  western  edge 
only  a  few  wells  draw  their  supply  from  it.  The  second  bed  is  quite 
uniform  in  depthj  being  60  to  70  feet  down  in  the  eastern  and  central 
and  reappearing  in  a  few  wells  in  the  western  section.  The  third  bed 
is  the  only  one  between  wells  Nos.  19  and  22  which  gives  a  suflScient 
flow  for  water  supply,  although  well  drillers  have  found  water  at 
other  depths.  The  wells  are  restricted  to  the  bay  shore  below  the 
terrace  that  passes  tlirough  the  north  edge  of  Wequetonsing.  The 
various  bods  at  Harbor  Springs  have  been  penetrated  at  the  city 
waterworks  wells  (No.  39),  of  which  five  are  from  66  to  88  feet,. three 
are  100  feet,  and  one  (a  6-inch  well)  320  feet  deep.  The  following 
record  of  the  material  penetrated  in  the  waterworks  wells  was  obtained 
from  Mr.  E.  Shay: 

Record  of  vxiterworks  weO^,  Harbor  Springs. 


Diet 

tbi| 


Sand 

Clay  and  sand 

Clay,  some  bowlders 

Ilardpan 

Gravpl  and  sand  (first  wator  l>ed) 

Hard  clay,  no  water 

Sand  and  gravel  (second  water  bed) 

Clay,  no  water,  some  bowlders 

Sand  and  gravel  ( third  water  bed) 

Clay,  blue  and  tough 

Somo  gravel  and  sand  in  alternate  layers  (fourth  water  bed). 

(^lay  from  2(iO  to  ;C0  feet,  which  is  near  limestone  rocic 

Flow  (fifth  water  l>ed). 


Thickneas. 

Tot£» 

Feet, 
10 

ftfU 

22 

» 

4 

12 

66 

10 
5 

88 

7 
15 

100 

50 

i« 

The  records  of  wells  nearer  the  snore  than  those  of  the  city  water- 
works indicate  that  the  beds  dip  toward  the  lake.  At  Harbor  Point, 
at  the  light-house  (No.  61),  a  depth  of  291  feet,  and  at  Harbor  Spri  ps 
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Pinrk  (No.  70),  ope  of  300  feet,  was  reached  without  striking  rock, 
Si/e  welb  being  entirely  in  sand.  At  the  higher  elevations  in  the 
lOiTmni  the  water  bed  is  penetrated  at  lesser  depths  than  in  the  wells 
ftjong  the  shore,  as  the  wells  of  M.  Losinger  (No.  57),  B.  Barbour 
iNo.  49),  and  George  Wheeler  (No.  67). 

Quality  of  water, — The  field  analyses  indicate  that  the  sulphates 
Kre  absent,  while  the  carbonates  are  medium,  the  hardness  about 
■.60  parts  per  million,  and  the  chlorides  from  50  to  100  parts  per 
million.  The  following  analyses  are  representative  of  the  water 
&oni  this  region: 

Fidd  anaiyies  of  water  from  weUs  at  Harbor  Springs. 
[Parts  per  million.] 


1 

2. 

141 
95.9 

m 

teas 

ciuoride«:::;::::::::;:::;::;;;:;;;;;;;::;:;;:;:::. ;;;:;:::;;;:;:;:::;:;;;;::;;;:::: 

51 

Oartonates 

140 

BulnhatMi .  .     .             

0 

*                                                                       1 

1.  AtUnson  A  Abbott  (No.  46).    2.  P.  Pflstcr  (No.  56). 

Well  data. — The  following  table  gives  the  data  of  the  wells  of  the 
r<^on: 

WdU  at  Harbor  Springs  and  WequeUmsing. 


s 

Owner. 

1 

■1 

5*tS 
5S7 
S^ 
584 

587 
JS7 

mi 

587 

sm 

5SI 

3*{7 

5«e 
^m 

587 

mi 
5m 

1 

1 

V 

1 

1 

^ 

HonurlDi. 

1 

Doctor  Hait 

H.  R.  P»ttlni««L 

I 

i 

J. 25 

I 

1.5 

1.4 

L5 
1.5 
L5 
1.-^ 

1.5 

3 

1.5 

1 

L5 

1 

..... 

.75 

15L 
154 
74 
20 
44 
40 
53 
73 

m 

7H 

73 
79 

m 

m 
im 

74 

73 

m 

157 
172 
17H 
122 
131 

437 

m 

510 
5S8 
W2 
Ml 
^ 
514 
5W 
-«9 
Sit 
508 
SOI 

SOS 
468 

am 

511 
433 

30^ 
432 

il7 
509 

m 

4AS 

5.^ 
5.2 
.7 
7.5 
IS 

m 

30 

4.5 

J2.5 

7.0 

4.6 

5*7 
7.ft 

6.n 

"so" 

"'so' 

'"so" 

50 

■56" 
m 

DomBstIc  use- 
tin. 

4 

.  .do 

15! 
16 
46^ 
16 

Fountain, 

5 

lif*.  Scolt , . 

Dom<!jitic  nm. 

7 

Ifr  llui^ston 

Doctor  flftrr*!,.,...,. 
D.  B.  Little      .  ..... 

FoMiitfllti  and  dofnmtif  ubb^ 
Foimtnln  nnd  (l»h  pond. 
Fnuntnin  and  domestic  UHt, 

s 

Mr*  F«nfU9on, „. 

47 

Donu'fitjir  u»e. 

10 

».  a  E<fer. .......... 

Head  lowerwl  by  No.  «, 

Y\ 

MmHaxwdl „. 

FQunuin  and  tiouse  uem^ 

12 

F.  Eftton 

Fountflln, 

13 

Mfn  0»frett .,, 

Foniitain  and  houAouNt 

H 

Mr,  Clart... 

Fipcfl  into  hoiiKr 

15 

R.  M.  BlBhop 

Domt^siticiuse^ 

la 

Mr.  Smith.. 

Small   fatintaiti  and   houeo 

17 

Mr.  McCture 

use. 
Fountain  and  housa  un. 

IS 

do 

3.3  '4fl 
3.3     4G 

hi     46 

7.a  j  45 
21  '  47 

1 

1ft 

20 

Mr  BnibAker(bot«]>. 
Mr.  Pmtt.. 

liotpl   lavatory,  fluah  tlos- 

^tii«  and  kitrhen. 
Small  flow  at  50  Jeet. 

21 

Mr.  Hrown 

lloujw  use. 

22 
2S 

A.C.CIUIoni.... 

C*  COnltlfn  .  ...  . . 

Do, 
Bmall  Hows  at  30  and  75  ttcL 

34 

Mr.  Rolani] 

1.4    4a    p 

Bomeitlc  usek 

2.5 

Mr-  Reh*r.,.,. 

iJ 

46 

Do. 

a  The  following  Is  the  record  of  Doctor  Barr'a  well: 


Sand 

Hard  clay 

White  sand  and  first  water. 
Clay. 


Thickness  (feet). 
11 

go 

10 


Gravel  and  flow.  ^ 

IRB  183—06 25 
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F.  Wyman 

Mr  Katon... 

Doctor  Breed 

Mr.  Ferguson 

Mr.  Kennedy 

Mr.  8tnitt« 

Mr.  Johnson  (saw- 
mill). 

Village  electric  -  light 
plant 

Mr.  Mcintosh 

Mr.  Tanner 

E.  Parameter 


fl 

1 
i 
1^ 

a 

a 

4 

1 

w 

Q 

Feet. 

In. 

583 

A90 

586 

1.5 

586 

584 

588 

.75 

620 

>  603 

5»5 

1.5  1 

Feet. 
132 
144 
52 
63 
54 
185 
41 


\%t 

l_W_ 

I 

Feet. 
451 
446 
534 
523 
530 
403 
579 


{S;} 


6a') 

601 


599 


sai 


Mr.  Rockwell 

Eight    water  works 

W(?Jh  , 

I>iMpwtiteT\*(irk»well.|    595 

J.L.Thompson 601 

N.Moore 6a3 


1  1.25 


40  < 

12 ; 

144  I 
63  I 
141  I 


533 

451 
542 
460 


F.  R.  Ft'niiJSrtn 

Mr  OCounpr 

..,.do,...  

Thos  Lny  

Ail:iriH»n  .C  Abbot t... 
Northwestern  Steam- 
ship Co. 
Rose  Dock  ft 


B.  Barber 

M.  JuiUeret 

F.  R.  Ferguson. 

R.  R.  Ransom.. 


609  ; 

619 : 

619  I 


612 
619 
619 
619 


M.  Losingor 619  i 

J.  L.  Thompson <* ;  589  , 

L.  B.  Densmore 5'.K)  i 

Mrs.  Crystler rm  \ 

Light-housis   Harbor  591  i 

Point.  .  ; 

Emmet  Beach 


11.  Gillette..., 
W.  Loundy. . . 
Homer  Clark. 
J.  Pflstcr  c.... 


604 
605 
605 
592 
592 
589 


589  I  1.75 


1.25 
1.25 


c 
1 


OalU. 
2.7 
3 

8.3 
4.5 
3.5 
1.4 


I 


§ 

F. 
46 
46 

46 
46J 


2.1 

8.3 


*7 
46 


100 

499 

66 

I  548 
f  445 

150 

330 

265 

144 

457 

164 

439 

112 

492 

112 

493 

112 

493 

102 

490 

48 

546 

63 

526 

92 

509 

.W 

454 

38 

581 

35 

574 

56 

542 

49 

563 

31 

588 

48 

.'i71 

42 

on 

39 

580  ; 

100 

489  1 

153 

437  i 

7.8  1  46 


12 
3.6 

10 
3.7 
1.8 
6 

10 

10 

10 

14 
6.2 
1.3 

1.2 


33.3 

10 


10.5 

i  20 


47 
46i 

46} 


120 
281 


S.  Olds ■ 1... 

Grain  elevator j    588     2 

Schoolhouso I    675     2 


Mr.  H OIL'S W  

Ueo.  Whct^^r  f 

M-  J.  Bunion  / 

CftthoUc  i»chool 

Iliirbor  tipringi  Park 
CAthcslU^  school 


J.  S.  Sharpstein? 


62.'> 
612 
601 
59.5 
601 

683 


113 
160 

80 


470 
300 


1/  160  \\  428   \ 

t  s<)  ])  508  ;/ 


2 

16* 

2 

47 

o 

K.T 

2 

14.-. 

300 

2 

.% 

80 

428 

.■iOH  ; 

59.') 

424  I 

578  . 

r>27  ; 

4.V)  . 
'2^t  I 


46i 
46 
47i 

|46J 

45.2 

46 

46 

451 

48 
46 

I  46 
I  45.5 

461 


46 


45J 


Remaits. 


■| 


Fountain  and  house 
Domestic  use. 
Piped  to  hou.ie. 
Domestic  use. 
Do. 

I         Do. 

125  1  Used  tnf  sieaming,  • 
I  hy  boiler  c<«mfM.'ii[ 
U  Deeper  well  dmlnttl 

I    one. 

Garden  and  hou^u 

House  use. 

Head  607  feet;  used  1 

gardens. 
House  use. 


140 


70 


20 


City  supply;  head  9 

CJty  Bupjily. 
1  Jomf^  <«tie  use. 
Water  bard^  suffplu 
and  aevem)  ttom 
t'scd  at  livery  HtiW 
Publk'  founuiu. 

House  UNP, 

Fi^inttiin  Aud  houR 

Public  drinking  foui 

dock. 
Head  599  feet:  pion< 

fountain  on  dock. 
Domestic  use. 

Do. 
Water  hard:  flow 

creased  somewhat 
Flow  decreased  by 

pipe. 

House  use. 

Water  soft;  well  re 
1.5-inch. 

Drinking.    laundn 

cooking. 
Domestic  use. 

Do. 
No  flow;  mostly  m 

clay. 
West    of    Harbor 
not  shown  on  cit 
Do. 

Two  wells. 

Well  on  bluff;  no  t 
Domestic  use. 
Drilled  in  1903;  wa 
Domestic  use;  wat 

■■  •!■  ■.  .  .,  ■  ,^t■T 
ScLijfclJ,  i\o\\\  Li  II  san 
Stt  flow;  piimpiid 

water  soft. 


«  Small  dowji  hi  >rriiV(>l  Liiidi.^r  i-\\i\  J^^   in  iii\\\  m  fpnl. 

^  Picmecr  \\f}\\,  rriiulf*  in  ]xS7,    U  alfr  mi  ^ j  amJ  ^J  fwi.    Water  bed  discovered  while  drivhif 
dork.     Present  well  ca^M  to  Jovnr  \\tii<-t  hrcj, 

c  Wfttf'r  i']5C(?i]nnt  tor  laiinclry  fnitprnsi^j',    Wari-r  Ijel  undur  hard  pan.    Weak  flow  at  36  feet 

^  rum  iR  used  hn  foneing  wttlei  Into  upjuT  floor  iif  hoiipo     Tho  ram  cost  $13,  and  the  oompi 
and  Ifthrtr,  including  well  pipe,  o-tnllng  nonrn,  bathroom,  flush  tlnsrt,  and  plumbing,  1250. 
i^ilt  nunap  about  i:^  ^allon-t  \n  t*n  hours. 

*"  Wi'Ak  flftw  at  15  and  Jti  feet  from  ^rnnlf  prav^d  hods*  hot  ween  clay.    Made  In  two  days. 

/  Boes  not  oyerHoifir,  but  Qowi  into  utiderip'tnjj^d  cistern* 
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eneral  relations. — The  Crooked  Lake  area  is  part  of  the  flowing- 
l  district  east  of  Harbor  Springs  and  around  Crooked  Lake.  (See 
67.)  The  flowing  wells  of  the  region  are  located  in  the  depression 
5ussed  under  Harbor  Springs  (pp.  366-368),  and  range  in  altitude 
m  600  to  630  feet,  which  is  their  general  elevation  throughout  the 
rbor  Springs-Cheboygan  region.  The  wells  in  the  Crooked  Lake 
a  are  located  below  a  sandy  terrace  underlain  with  clay,  which 
nds  between  the  lake  and  the  high  morainic  hills,  and  is  well  devel- 


FiQ.  67. — Sketch  map  of  flowing- well  region  Ixjtween  Conway  and  Indian  River. 

?d  from  Harbor  Springs  to  Alanson  (altitude  640  to  650  feet). 
3  edge  of  this  terrace  is  500  feet  north  of  the  Grand  Rapids  and 
liana  depot  at  Oden  (see  fig.  68) ;  it  is  just  west  of  the  depot  at 
.nson,  and  one-half  mile  north  of  the  depot  at  Conway.  The 
her  hills  of  loose-toxtured  drift  reach  an  altitude  of  940  feet  above 
'  within  three-fourths  mile  north  of  Oden.  This  higher  tract  is  an 
'vvard  continuation  of  that  north  of  Harbor  Springs,  and  reaches 
^laces  an  elevation  of  about  1,000  feet  (Leverett).  On  the  south 
'  of  Crooked  Lake  limestone  appears  near  the  surface  in  the  low 
txtry,  but  there  is  a  rapid  rise  southward  into  a  district  mtkdruxa- 
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linoidal  hills.  P^levations  of  300  feet  above  Crooked  Lake  are  reached 
within  2  miles  to  the  south. 

The  wells  are  best  developed  and  strongest  on  the  north  side  of  the 
lake,  chiefly  at  Oden,  a  few  at  Conway,  Alanson,  and  Ponshewaing, 
while  on  the  south  side  of  the  lake  they  are  difficult  to  obtain  and  only 
a  few  exist.  The  part  of  the  flowing-well  area  extending  from  Coo- 
way  to  Alanson  is  some  4  miles  in  length  and  varies  from  three- 
fourtlis  to  1  mile  in  width.  South  of  Crooked  Lake  its  extent  is  Bot 
clearly  defined,  but  it  appears  to  be  only  a  very  narrow  irregular  sti^ 
not  extending  over  a  mile  back  from  the  edge  of  the  lake.  The  wdb 
about  Crooked  Lake  number  100,  65  of  which  are  at  Oden,  14  at  Con- 
way, 8  at  Alanson,  and  several  on  the  south  side  of  the  lake. 

The  first  effort  to  get  a  flowing  well  was  made  in  1884  at  Oden  in  a 
search  for  suitable  water  for  boiler  use  in  the  engines  of  the  Grand 
Rapids  and  Indiana  Railway.  An  excellent  flow  resulted,  though  the 
water  was  found  to  be  too  hard  for  use  in  boilers.  The  rapid  increase 
of  summer  residents  ht*s  made  many  demands  for  a  water  supply  of 


Fio.  68.— Contour  map  of  Oden  and  vicinity.  1 

this  character  and  the  number  of  wells  has  increased  rapidly.    The    1 
wells  arc  drilled  by  contract,  averaging  from  $40  to  $60  complete. 
The  depth  of  the  water  bed  is  so  well  known  to  the  drillers  that  the 
time  and  labor  as  well  as  the  cost  of  the  material  can  be  estimated 
very  accurately. 

Flow. — The  total  flow  in  this  area  is  about  2,000  gallons  a  minute, 
of  which  the  wells  at  Oden  yield  1,362  gallons,  at  Conway  353,  Alanson 
147,  Ponshewaing  145,  Burt  Lake  270,  and  Mullet  Lake  77  gallons 
a  minute.  The  strongest  flow  is  that  of  the  Grand  Rapids  and  Indiana 
Railway  well  (No.  17)  at  Oden,  which  yields  80  gallons  a  minute. 
The  wells  on  the  south  side  of  the  lake  have  the  smallest  flow,  and  all 
attempts  to  secure  better  wells  there  have  been  failures.  The  water 
at  Oden  is  allowed  to  flow  freely  and  poor  drainage  of  this  surplus 
water  is  the  cause  of  many  swampy  spots.  In  this  growing  summer 
resort  such  a  supply  of  water  is  one  of  the  valuable  features,  and 
where  so  many  wells  are  bemg  drilled  it  would  be  well  to  consider  the 
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Mature  conditions.  There  is  some  objection  to  using  check  valves,  for 
■^fhen  the  water  is  checked  the  sand  settles  and  fills  the  pipe,  often 
<sompletely  choking  the  flow.  The  amount  of  sand  that  some  of  the 
^wells  bring  to  the  surface  renders  the  water  unfit  for  domestic  use  and 
m  settling  tank  on  the  roof  or  second  floor  of  the  dwelling  has  to  be 
"used.  A  large  well  screen  with  a  small  mesh  would  be  a  means  of 
checking  the  sand.  Small  screens  are  used  in  a  few  wells,  but  have 
been  discarded  by  owners  because  of  a  tendency  to  decrease  the  head. 
In  Oden  three  or  more  water  beds  are  present,  the  lowest  bed  being 
the  one  in  which  the  strongest  flows  are  found.  The  majority  of  the 
-wells  are  not  drilled  but  are  driven,  and  but  little  accurate  data  are 
available  concerning  the  character  of  the  beds.  The  writer's  informa- 
tion has  been  furnished  by  the  Pope  brothers,  who  have  had  consider- 
able experience  in  well  drilling  in  this  region.  The  Oden  beds  dip 
gently  to  the  shore  of  Crooked  Lake,  with  ai  additional  dip  from  west 
to  east,  the  stronger  flows  being  foimd  at  130  to  140  feet  in  the  rail- 
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^550 
O 

msoo 


if 
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Crooked,    i    h- 
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\  17    20  49 


55 


53 
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SeroS-"'''" 


100      200     300      400  feet 


Fio.  fiO.---North-Routh  section  at  Oden,  showing  water  l)od8. 

i-oad  well  (No.  17),  Mayer^s  well  (No.  7),  P.  Smithes  well  (No.  2),  and 
l3.  Rosenthal's  (No.  28) .  In  the  western  part  of  the  village  the  stronger 
flows  are  from  100  to  110  feet,  as  in  the  wells  of  Mrs.  Weil  (No.  31), 
I)octor  Shank  (No.  42),  and  E.  Mayer  (No.  34).  In  the  wjestern  part 
the  beds  are  largely  fine  sand  with  smaller  beds  of  marl  and  hardpan 
clay.  The  general  relations  in  Oden  are  shown  in  fig.  60,  which  is  a 
profile  of  water  beds  on  a  line  drawn  north  and  south  from  the  Grand 
Rapids  and  Indiana  Railway  depot.  The  two  beds  which  have  been 
exploited  for  the  majority  of  flows  are  under  clay  layers  5  to  6  feet  in 
thickness.  The  water  beds  are  usually  fine  sand  with  only  a  small 
amount  of  gravel.  The  depth  of  the  upper  bed  averages  from  75  to 
95  feet,  while  that  of  the  strongest  flow  averages  120  to  140  feet. 
Below  this  water  i3  not  abundant.  For  this  reason  the  pipe  in  the 
railroad  well  (No.  17)  after  being  put  down  to  180  feet  was  drawn 
back  to  the  140-foot  flow.  In  the  western  part  of  Oden  the  upper  bed 
is  used  for  flows,  as  it  is  stronger  there  than  to  the  east,  and  it  is  in  this 
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part  of  the  village  that  sand  in  the  water  causes  considerable  trouble, 
requiring  settling  tanks  to  get  rid  of  it. 

Bed  rock  is  not  reached  in  any  of  the  Oden  wells,  but  is  penetrated 
150  feet  in  the  wells  of  the  Dart  &  Dart  Company  on  Oden  Isle,  in 
Crooked  Lake,  three-fourths  of  a  mile  southeast  of  the  Grand  Rapids 
and  Indiana  Railway  station  in  Oden.  This  continuous  belt  of  the 
Traverse  limestone  to  the  south,  as  shoA^n  in  the  outcrops  of  Ba) 
View,  may  aid  in  preventing  the  escape  of  the  water  and  thus  keep 
the  head  up  in  the  region  around  Crooked  Lake. 

The  contour  map  of  Oden  (fig.  68)  will  serve  as  a  local  guide  in 
selecting  well  sites.  B}'-  locating  the  prospective  well  o:i  the  map  and 
referring  to  the  accompanying  table  of  data  for  the  records  of  the  sur- 
rounding wells  a  fair  estimate  of  the  cost  and  character  of  the  flow  can 
be  obtained.  The  630-foot  contour  lines  limit  the  field  to  the  nortL 
Below  this  contour  from  Oden  west  to  Conway  and  east  to  PoIlsh^ 
waing  flows  are  to  be  obtained.  On  the  large  map  of  the  region  (fig. 
67)  the  area  in  which  flows  are  possible  is  indicated  between  the 
dotted  line  and  the  lakes. 

The  water  beds  at  Conway  have  not  been  explored  by  drillers  as 
fully  as  those  at  Oden.  There  are  two  distinct  water  beds  present 
and  possibly  more.  The  well  of  F.  Stallman  (No.  10),  88  feet  deep, 
is  from  the  upper  bed,  which  ranges  from  88  to  115  feet  from  the  sur- 
face. The  sand  bed  supplies  the  strong  flows  of  C.  Lyon  (No.  12),  ] 
W.  Van  Avery  (No.  6),  and  the  depot  (No.  4).  The  well  of  E.  E.  I 
Blackmar  (No.  14)  penetrated  the  following  materials:  Sand,  35  feet; 
clay,  47  feet;  gravel,  12  feet;  clay,  13  feet. 

The  wells  on  the  south  side  of  Crooked  Lake  are  nearly  all  in  rock, 
and  very  few  flows  have  been  obtained.     Mr.  JewelPs  well  on  the 
beach  west  of  Hastings  Point  is  a  small  flow  from  the  rock.    The 
Cincinnati  Club  at  Hastings  Point  has  a  well  140  feet  into  rock,  whicli 
yields  a  small  flow.     On  Hastings  Heights  at  the  hotel,  which  is  62S 
feet  above  tide,  several  attempts  for  flows  have  been  made.    Lime- 
stone is  reached  at  18  feet  below  the  surface  and  water  at  252,  but  no 
flow,  and  the  water  is  so  scarce  that  the  well  has  been  abandoned. 
Several  other  attempts  have  been  made  along  the  beach  to  obtfti^ 
flows,  and,  while  some  have  been  successful,  at  present  they  all  require 
pumping  to  raise  the  water.     There  are  two  flows  farther  east  on  th® 
south  side  of  the  lake  which  were  not  visited.     One  is  at  an  old  lur^" 
ber  camp.     In  the  region  to  the  southeast  of  Crooked  Lake  few  deef 
wells  have  been  made.     XIr.  George  Benham  drilled  150  feet,  largely 
through  bed  rock,  and  found  a  small  flow. 

At  Ponshewaing  two  water-bearing  beds  are  present,  the  upper  ot^' 
being  the  stronger,  as  at  Conway.  The  ''Resort"  well  (No.  58)  ^ 
from  a  bed  of  rather  coarse  gravel  under  8  feet  of  sand,  15  feet  ^^ 
marl,  and  48  feet  of  clay.     The  drillers  tvnd  water  from  100  to  1^ 
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t.  Near  the  surface  the  beds  arc  sandy  and  below  are  thin  beds  of 
.y  and  gravel,  no  rock  being  found  in  the  200-foot  well  a.t  the  Pon- 
ewaing  Hotel  (No.  60)  nor  in  Mr.  L.  Schwab's  well  (No.  63),  which 
225  feet  deep. 

The  high  morainic  region,  a  short  distance  north  of  the  Crooked 
ike  flowing-well  belt,  contains  unconsolidated  drift  material  well 
ited  as  a  catchment  area  for  the  flowing  wells  along  its  south  border, 
jrings  are  very  frequent  along  the  edge  of  the  higher  land.  The 
Ah  of  Alanson,  Pohshewaing,  Oden,  Conway,  and  Harbor  Springs 
e  all  believed  to  be  supphed  from  this  catchment  area. 
Quality  of  water. — The  water  in  the  district  north  of  the  lake  is 
ported  soft,  as  it  requires  no  special  softening  compound,  and  is  in 
neral  use  for  laundry  and  domestic  purposes.  At  the  Hotel  Raw- 
in,  in  Oden,  a  glycerine  soap  for  use  with  this  water  has  given  best 
tLsfaction.  The  Grand -Rapids  and  Indiana  Railroad  have  found 
e  water  unsuitable  for  boiler  use,  the  deposit  of  scale  being  too 
eat.  Dr.  A.  B.  Prescott,  Ann  Arbor,  Mich.,  said  of  the  water  taken 
)m  the  railroad  well  (No.  17) : 

rhis  water  contains  a  moderate  amount  of  lime,  a  good  part  of  which  is  held  in  solution 
a  carbonate.  Sulphates  are  present  in  very  small  proportions  and  chlorides  are  not 
sent  in  any  proportions  that  would  affect  uses.  Iron  salts  are  not  present  in  more  than 
Pes.  The  liardness  by  Clark's  scab  is  11°,  corresponding  in  effect  to  the  presence  of  11 
ins  of  carbonate  of  Rme  in  a  United  States  gallon  of  water.  In  respect  to  the  presence 
'ilganic  matter  the  tests  show  a  good  degree  of  purity  in  this  water. 

The  hardness  in  waters  tested  varies  from  201  parts  per  million  in 
Mayer^s  well  (No.  34)  to  186  parts  in  the  Rawdon  Hotel  well  (No. 
Carbonates  average  156  parts  per  million.  The  rock  well  of  the 
cinnati  Club  at  Hastings  Point  has  a  hardness  of  314,  carbonates 
',  and  some  sulphates. 

Fielfl  analyses  <rf  ivaier  from  weTU  at  Odea  and  Conuxiy. 

[Parts  per  million.] 


1 

1 

201 
160 

None. 
None. 

2. 

120.6 

160 

5 

None. 

None. 

3. 

186.9 

166 

6 

None. 

4. 

Iness 

314 

senates 

320 

rides 

. 

1 

150 

hatp8 

33 

1 

^'-  Mayer  (No.  a4),  ()<len.    2.  Rawdon  Hotel  (No.  1),  Oden.    3.  Depot  (No.  17),  Oden.    4.  Cln- 
»ti  Club  (No.  71),  Conway. 
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Wed  data, — The  follo¥riiig  tables  give  the  data  of  the  wells  of  the 
region: 

WeOa  of  Crooked  Lake  area. 
WELLS  AT  ODEN. 


s 

6 

as 

1 

Owner. 

1 

3 
1 

«M 
«M 
<MM 
OQS 

«B 

«03 

flOft 

AOQ 

aa^ 
a» 

ISOA 

«0» 

GIL 
il4 

«ia 

«15 

«u 

611 
610 

610 
«N 
609 
609 

(m 
ow 

607 

605 

605 
6M 

fa, 

2 
2 
2 

H 

2 
2 

2 
2 

2 
2 

a 

2 
2 

"? 

2 

H 

2 

2 
2 
2 

i' 

2 
2 
2 

2 

a 

2 
2 

2 
2 
2 

"2 
2 
2 

ii 

46 

46 

QuaUty. 

C«t. 

i 

r 

RM»ldl. 

\ 

Hotel  TUwdOtia.. 

P.  W  Biiilth_.„ 
E*  Jforrow., 

Oimnd  lUpW«*iid 

do 

463 

m 

fl40 

^^d. 

7 

,* 

Bomcftieaic. 

1 

4 

10 

46 

h 

lt«l 
105 

\m 
100 

96 
06 
9« 
lt» 
127 
114 

113 
110 

130 
I4« 

UH,«tata^ 

ft 

J.  A.  Andrews. „. 

A.  Saund«rfl...... 

H.Tuffftr 

J.  lUvllQ 

R.  B.  AUlamrv 

OdenllouBe 

R.  L.  Marvin,,,.. 

H.  Pom, 

Grmnfl  RapJd«miid 

Jndittiui     Hvy. 

depot,  e 
V.  l%weU,,,.„,. 
J.  C.  Carpenter... 

P.  THa..  ..... 

47a 
306 

500 
486 

4SS 

471 

4»l 
473 

-1^7 

613 

ftlT 
614 

ID 

«5 
60 

«3 

m 

so 
6r> 

32 

MO 

46 

46 
46 

46 

44 
46 

46 
46 
46 

2  w»Ii>  ci)nrtsii!ii; 

7 

- 

Ioutit4in,firf» 
pond. 

Hard... 

M 

"*   ■ 

Dam«stkud]Hli» 
Skoa  » !M  dt|  1^ 

10 
11 

8ofU,„ 

60 

wiid4m 
Domeiticaia 
Hwin  aod  b*nL 

1? 

DocDMtieiua 

lit 

15 

14 

4  v«Ui  tooofftnL 

n 

Doraestk  and  itoa 

le 

17 

46 
46 

Soft.... 

Domeetie  uit 

18 

aoit.,,. 

30 

1^ 

50 

7 

2» 

32 
3D 
20 

^ 

&U 

60 
42 

40 

!0 
35 
10 
12 

SaJd  to  be  ooilTM 

^ 

46 
46 

Soft.... 

U 

panat«5-ioitfi« 
«iidatl20fvt. 
lliJll«r  coekr  v* 

fli 

a  Hash. „.,,.... 

0.  Woodmff__. 
W.  L.  Munihy... 
Mrs,  Riiggfes 

Mn.  W  Smith.,! 

K,  Rosen  tha  1 1  <i. . 
O.  Enpie ,,, 

114  1  4W 

1L3  '  UM 
U2     509 
110  ,  471 
123  1  4W 

7*  ;  *aa 

140     476 

ga    ^4 

f^^     544 

no    m\ 

IH     £3L 
00     418 
118     4H0 

73     S:e 
78     337 

n   A17 
fin    Aaa 

doiDastkoifc 
WcU   drltv  bi   ' 

?? 

houfiL 
Domntk?  iitf. 

?1 

Houv  U«L 

?4 

46 
46 

46 

46 
46 
4&k 

DofSMtlr  ui^ 

as 

SolV."lI 

aQp^l«3laisl)i»- 

27 

7« 

,„do... 

"75 

";:; 

Ho   II0V,  fAn 

Domestk  nsei 

7ft 

Soft..„ 

ar> 

G,  Willlftmaon.... 
Hw.  Well'..,,.,, 

M.  Market 

S.  J ohQfton /»».,.. 
E.  Mayor ,.,. 

^t 

aweLUconiHrtvilK 

^ 

46 
46 
46 

46 

46 

«. 

Soft.... 

txy  Uh  fwt  Am-^ 
Settling  Unk  larf- 
Domestic  UK. 
SetUing    taiii:  « 

analyiliolvtitf. 
Houfla  use. 

S 

,..do<.. 

"m 

35 

A*  Fidier 

M 

P.  Soldem . 

Th  Canm 

Doinwtle  uk 

a? 

Soft 

Do. 

."» 

C.  DaleT 

....do„. 

8upp)|eii2l^1iil&M. 

3a 

Mr.   Fnrrr-t-r.  . 

1- 

o  Used  in  hotel  for  kitchen,  laundry,  drinking,  and  washing.  A  glycerine  soap  is  fouixl  to  be  bert  fo 
the  waah  room.  A  small  water  ram  forces  the  water  to  the  second  floor.  Toe  first  clay  is  at  80  feel 
the  second  at  120  feet.    The  rest  is  sand. 

b  Three  wells,  127, 133,  and  130  feet,  respectively.  The  two  deeper  ones  are  connected  and  feed  t  lai| 
fountain. 

e  Drilled  for  water  supply  for  engines,  btit  is  not  suitable.  It  is  used  fordrinldngon  the  Oimnd  Rari( 
and  Indiana  Railway.  At  the  time  of  drilling  the  water  rose  18  feet  above  the  suifaoe.  It  was  dnik 
180  feet,  but  the  supply  Iwing  poor  the  pipe  was  drawn  back  to  140  feet.    See  analysis  (p.  375). 

d  Flows  were  found  at  60. 80,  and  140  feet;  the  lowest  is  the  strongest.    Said  to  be  decreasing. 

«  Supplies  3  families  and  a  fountain. 

/  The  water  is  carried  to  a  larigc  tank  on  the  roof  of  the  dwelling,  where  the  finer  sand  settles;  withoi 
this  the  water  is  not  suitable  for  use.    This  form  o(  settling  tank  has  to  be  used  with  several  of  the  wd 
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WeUs  of  Crooked  Lake  area — Continued. 
WELLS  AT  ODEN -Continued. 


be 

i 

Owner. 

1 

1 

^ 

II 

* 

r 

10 
5 

i 

1 

a 

40 
45J 

SI 

QiWlltj. 

Romftrkn. 

10 

K,  TT^orp* 

Doctor  Sh&Dlc. . . . 
J.  Hpodrlck 

1% 

AM 
602 

61S 

2 

"2' 
"3' 

"a" 
2 

3 
3 

"a" 
3 

"    1 

\17,5    r* 

j-i. 

(2  wHls,  m  and  All 
t    Jti-t. 

HanJ,  GomtHct  sand; 
no  clay. 

4\ 

*a 

75 
ss 

70 

75 

?« 

110 
S5 

76 

a 

539 

""■" 

Pon](*9ilc  uifC- 

M 

6IS  

:;:::::::::::::: 

4! 

Mr   B?U 

Xi2 

■    ^ 

25 

^  _  _ 

Trouljlo  vlth  Mnd, 

A/Ueweir 

J.  Boinw*.....,.. 

if  ra,  Haiti 

W'.Pojw.. ........ 

545 
SB 

5s:i 
Ma 

'& 
ft 

m 
2 

4M 

46 

46 

Uedlum. 

ik>Ytv:": 

V^vj]  hand  driven. 
Not  ilqwlnp  m  IflCN. 
Jinde    m   H   honre: 

hard  clay  at  hot- 

torn. 

Scift,-,, 

^nd  10  ff*«t,  white 

Mt.  Duncan..,.,. 
^momHirt 

clay  15  /eet,  hard 
clay  .^  fe<^t.  Fmall 
flow  ijl  60  Jpol, 

Small  J9ow  at  %]f»t. 

a 

::::;::::::::: 

No  Ilnw, 

54 

eao' 

u 

n 

n 

m 

4G 

Soft.:,: 

Hard-., 

00 

Oivmcallc  use, 
Thr*iwn  fiand  kt  in- 

« 

V.tlft^y 

'^rt",ll' 

UTVnis. 
Huuso  Liiie. 

£7 

Chiut,  Knsli? 

'.I...  ::.::r 

"^"1"""" 

WELLS  AT  PONSHEWAING.a 


ts 
S 
i 

Oimer. 

a 

135 

i  '1 
^  1^ 

i 

Quality, 

C^t. 

li 

Remarks. 

i 

ll^ 

s 

^ 

1 

Ft.  m^ 

Ft.  '  Fl, 

F.. 

OdiJ. 

-P. 

Ft. 

£ft 

N.lC.Ee11anab„. 

eoo  1  :; 

TO 

S.W 

620 

3Ei 

45 

?kjft...- 

tSD 

70 

Fountain. 

fifk 

N.H,K«llain^..,. 

N.M.  K«llaiu 

•10     2 
eiri     2 

ISO 
500 

430 
415 

021 ' 

25 
2D 

100 

140 
140 

Hotrl  aiid  laundry. 

4fi4 

Uedmni. 

Logfoundat5«f(H»t 

n.  L^Myerii , 

6ie  1  2 

l7.^ 

444 

.... 

15 

100 

140 

K,ll  (appw,.,.. 
Loul»Hehw4b 

GIO  '    2 

22-5 

im 

6)$ 

10 

40 

Medium, 

la-j 

200 

Domestic  U80. 

612      2 

225 

SfJ? 

» 

40 

.„.do... 

12-7 

200 

Sawmill.., 

eoo     2 1 

82 

Ai« 



17 

454 

**' " 

Stc-Hming. 

WELLS  ON  SOCTir  8IDK  OF  CROOKICD  LAKK. 


Warmi  Keelera  . 

Gto.  B«iiham'  ..^ 
Dart  A  Dart  To . 
..do. 


'I?b-; 


Jobn  llMttnj 
( InplQnatl  ( 


Hotel  nii«tmg«. 
J.J«w<^ll 


610 
600 
6(X1 

7'iS 


300 
l.^> 

^   ! 

140 

?fVl 
40 


I 


.l-J 


I       I 


:[;:;■■'" 


! 


I      I 


Flows  pljw  tjtMrtiT 
full. 
.,,    All    clay.      84ilfl    to 

,.  J  On  ()rif-n  Isle;  small 

(      flow, 
.. .   Bahl  to  stop  In  rock. 
,,.:  :«   fff^t   to   Tt^k. 
. . , '  £tw  AnalyidR  (\t.  **7nt ; 

I      14  fwt  10  ri^ok. 
.,,    MoiBfly  In  rtwk- 
,,,    Klfiw    from    toi>    nl 
nick. 


a  The  pipes  in  all  the  Ponshewaing  wells,  except  No.  r.S.  are  without  screens. 
»  The  loUowing  is  the  record  of  Kellam  well,  No.  5A: 


Thickness  (feel). 


Sand 

Mart 15 

Blue  and  yellowlah  clay 4 J 

Gravel  and  aand  with  water 1 

e  When  wen  No.  50  is  checked,  well  No.  60  flows  one-third  more. 

dUT.~  -         - 

T.  35J 


Unuai  wen  No.  50  is  checked,  well  No.  60  flows  one-third  more.  , 

£r.  Benham  is  reported  to  have  another  flowing  well  at  an  old  himhercamp  in  the  NW.  4  sec.  32  J 
►  N.,  B.  4  W.,  which  Qows  about  10  gallons  a  minute.    This  wot  not  \\vVlo«\.  * 
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WeUs  of  Crooked  Lake  area  —Continued. 
WELLS  AT  CONWAY. 


Owner, 

1 

Fi. 

1 

5 

1 

}4.. 
490 

Ft, 

S 
|l 

10 
1& 

30 

30 

i5 
IS 

64 

ao 

1 

QiiiUlly. 

Cntt, 

1 

^1. 

1t«iiitrbL 

W  DftV 

2 
2 

n 

2 

1 

2 
2 

it 

172 

m^ 
fjeo 
\m\ 

us 

iia 

lOO 

ir^ 

130 
100 

as 

100 

no 
m 

JOT 

DoiDe^tic  ti  V. 

N    IllackniAr 

506 

4« 

Soft  *  ** 

Cl*y  125tHt;tnt9i«t 

N,  MtiF^imn*?  cot- 

iQcUana       Rwy. 
(depot). 
Mr,  MAth^ws. 

40 

4e 

4« 

Soft..,. 

HouH  life. 

W.  VaJi  Avery,,.... 
V.  Fuwell 

6QS 
604 
6M 

flOl 
603 

fiD3 

'eifl' 

Soft  .... 

HoU9«>  And  stcmnTH 

.,.(io.... 

CftrchiJiy  ihM 

J.McFarlanemm^, 
W.  Rt» ,.... 

DrinkLng. 
Not  flnwtog. 
If  crnfie  us^ 

A.  BLnckniAr 

StiialJ  botd^ 

C.  JUyon . . , .  ^ .  _ . .  _ . 

.104 

oai 

l« 

k'oti  .,.. 

ITciume  uff. 

J.Cook 

Do, 

E.E.BlflTkmjir 

..,. 

Soft.... 

lUdfl  In  l«il 

WELLS  AT  ALANSON. 


E,  n.  White. 

609 

COS 
614 
610 

mi 

603 

2  1    06 
2      122 

....(    6.5 
2j    7U 

5SS 

m 

4as 

533 

618 

Ifl 
8 
l« 

16 
15 
20 
W  1 

45 

Doxn€fltic  lue. 

<3,  W.  Jlottcn....... 

•n 

Oo. 

F.  KeWr  „', 

Pti. 

45 
45^ 

in 
m 

Doiiw  and  bftHL 

lI.McrMiw 

J,  M**PllHl_„, 

DrilJfd  in  im, 

StOlT. 

W,  Me  Donald....... 

Hmur  u». 

JI.  Fftlrbanki 

46 

75 

DrlQl^Lng. 

WELLS  NEAR  BRUTl'S  (SEC.34,  T.  36  N.,  R.  4  W.). 


Jo8oph  Morriso 625  j 

I  62.5 


soph  1 


ft) 


I  I        I        I 

570     647  20iL...!  Soft  .. 

570  ,  647  l20.-fc! I do. 

I  i    ;    I 


Fish  pond  and  rtoct 
Do. 


a  Two  wells  in  h  valley  near  the  Grand  Rapids  and  Tndiana  Railway,  about  30 feet  below  U»  bordering 
plain,  flow  a  full  2-inc'h  pipe,    lieported  by  owner;  not  visited. 
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vanoe,  wells  *t 346 

ron,  wcUaat 141,146-147 

ron  Township  (Tuscola  County),  wells 

in 139,140 

naon,  wells  at 365,366,371-372.375,378 

•.wells  at 345 

ee  Township  (Saginaw  County),  wells 

in 1«7,1»-200 

>na,  water  supply  at 309 

ma  County,  flowing  wells  in 307 

rainfall  in 10 

ipri  ngs  in 308 

:opography  of 306-307 

Tillage  supplies  in 308-309 

veMs  in 307-309 

record  of 308 

water  of,  temperature  of 16 

n,  wells  at 335 

r.  wells  at 281 

nquin,  Lake,  location  of 6 

nquin  Beach,  location  of 6 

ran  County,  rainfall  in 10 

veils  in,  water  of,  temperature  of 16 

1  Creek,  water  supply  of. 62 

^,  waterworks  at 204 

veils  at  and  near 203, 204-212 

ivells  in,  location  of,  map  showing 205 

records  of 206 

a  Sanitarium,  well  at,  record  of 206 

na,  rainfall  at  and  near 11 

waterworks  at 351 

wells  at 351 

s  na  County,  rainfall  in 10 

topography  of 350 

village  supplies  and  waterworks  in 351 

wells  In 351 

water  of,  temperature  of 16 

►  na,  wells  at 79 

^ore,  wells  at 249 

ber,  wells  at  and  near 80, 82 

E*llth,  weUat 118 

I  Arbor,  springs  at 16 

springs  at,  temperature  of 17-20 

temperatures  at,  variations  in,  chart 
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"w^aterworks  at 22 

Wells  at  and  near 130 

water  in,  temperature  of 15, 17-20 

variation  in.  chart  showing 20 

itn.  wells  at 345 

im  County,  flowing  wells  In 335-339 

a  kes  i  n 333-335 

ainfall  In 10 

opography  of 333-335 


Page. 

Antrim  County,  vlllagB  suppUea  in. 345 

waterworks  iA 336,344 

welteln 348 

water  of ,  temperature  of. 16,337 

Appin,  wells  at 260 

Applegate,  wellsat 240 

Arbela  Township  (Toacola  County),  wells 

in 137,130,143-144 

wells  In,  record  of 144 

Arcada  Township  (Gratiot  County),  wells     272 

in 204-212 

Arcadia,  wells  near 296 

record  of 296 

water  from,  force  of,  plate  showing. 272 

Arenac,  wells  at 281 

Arenac  County,  flowing  wells  in 269-274 

maps  of  parts  of 270, 272 

rainfaUIn 10 

topography  of 269 

village  supplies  in 281 

waterworks  in 269 

wells  in 269-274,279-280 

water  of,  temperature  of. 16 

Argentine,  wellsat 171 

Argyle,  wells  at 249 

Argyle  Township  (Sanilac  County),  wells  in     257 

Arkona  Beach,  location  of 6 

Artesian  areas,  map  showing 6 

A&hland,  wells  at 75 

Ashley,  wells  In  and  near 204, 225-229 

wells  in  and  near,  location  of,  map  show- 
ing       227 

water  of,  analysis  of 226 

Ashmore,  wells  at 260 

Ashton,  wells  at 90 

Ash  ton  Township  (Newaygo  County),  wells 

In 68,69,70 

Atlanta,  spring  near 349 

weUs  at 350 

Atlas  area,  wells  In 172 

Atlas-Hadley  area,  wells  in 173-175 

wells  in,  location  of,  map  showing 174 

Atlas  Township   (Genesee  County),  wells 

In 172-175 

wells  In,  location  of,  map  showing 174 

Atwood,  wells  at 345 

Auburn,  well  at 116 

well  at,  record  of 116 

Augres,  wellsat 209.271.281 

Au  Sable,  waterworks  at 209.281 

Au  Pablc  River,  source  and  drainage  of   305, 

307.310,311.347.349 

wells  on 306 

Avondalc,  wellsat .* 90 

Ayr,  water  supply  at 365 
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IJacholor.  woUs  at 80,82 

Bad  Axo,  watorworksat 25»-260 

wells  at 258,260,264 

Bagley,  woUs  at 348 

Bailoy,  water  supply  of 26 

Baldwin,  lakes  in-ar 82 

wells  at 83 

Bamfleld,  water  supply  at 309 

Bangor  Township  (Bay  County),  wells  in.  119, 120 
Bannister,  wells  at  and  near 214, 224-225 

wolls  in  and  near,  location  of,  map  show- 
ing  224,227 

Barker  Cn*«k,  wells  at 312, 313 

Barry  County,  rainfall  in 10 

wells  in,  wat«"r  in,  temperature  of 16 

Barryton,  wells  at  and  near 76-77,79,91 

wells  at  fiind  near,  location  of,  map  show- 
ing         76 

Bass  Lake  district,  wells  In 80-81 

wells  in,  location  of,  map  showing 80 

Bay  City,  waterworks  at 120-121 

Bay  County,  artesian  map  of 1 16 

flowing  wells  in 115-118.269-271 

map  of  part  of 270 

rainfall  In 10 

topography  of 117-118 

wat<>rworks  in 120-121 

wells  in 115-120 

watiT  of,  charaeUT  of 120 

temperatup'  of 16. 120 

Bayport,  wells  at 250,260 

Bayport  Township  (Huron  County),  wells 

in 266 

Bay  Shore,  waterworks  at 345 

wells  at 346 

Bay  View,  wells  at 365 

Beaches,  Cilaciiil  lake,  location  of 6 

undergrouml  water  on 7 

Bcar(^reek,  drainage  of 293 

wells  on  and  near 2a3. 295. 343 

Bear  Lake  (Manistee  County),  wells  at 297 

Bear  Lake  (Muskegon  County),  location  of.        32 

water  from 26 

Beaver  Island,  wells  on 346  I 

Beaver  Township  ( Bay  County) ,  wells  in. . .     116,   | 

118.119  ' 

Beel>e.  wells  at 229-230  ' 

Bellalrc.  waterworks  at 344 

wells  at 8,33(1-337,338.345 

water  of,  analysis  of 340 

I 
Belmont  Beach,  location  of 6 

Benson,  water  supply  at 303  , 

Bentley,  wells  at 119 

Benzie  County,  flowing  wells  In 325-330 

miipofpartof 327   | 

rainfall  In 10  i 

section  In 329   i 

topography  of 324-325  ! 

village  supplies  In 3.n    I 

waterworks  in .33Q-.'i31    i 

wells  In .?25  331    I 

records  of ,32S,  .329 

water  of.  analyses  of 328 

temperature  of 16 

Benzonia.  section  near 329  , 

wellsat 324.327-330,331    i 


Berea  sandstone,  wat^rin a 

Berne,  wells  at m 

Berrien  County,  rainfall  in I 

wells  in,  water  of,  tempenitare  of I 

Bethany  Township  (Gratiot  Coantyt^weOi 

in «.!IMi 

wells  in,  location  of,  map  ahowiog a 

Betsy  River,  drainagip  of a 

wells  on M 

Beulah,  wells  at 325.327-aWi 

wells  at,  records  of SMI 

water  of,  analyses  of M 

Big  Prairie,  weJls  at 3 

Big  Rapids,  waterworks  at %9 

Big  Rock,  wells  at M 

Bingham  Township  (Huron  County).  weUi 

In ».» 

Birch   Run  Township   (Saginaw  Coantyi. 

weUs  in ISTJI 

Biteley,  wells  at IS 

Black  Creek,  wells  on S-i 

wells  on,  record  of • 

Black  River,  drainage  of 3Br.3«.K 

topography  on iH^X 

water  from tC 

wells  on S* 

Black  River  (post-office),  water  supply  at..    » 

Blanchard,  well  near •• 

Bliss,  wells  at » 

Bloom Aeld     Township    (Iluron    Coiintj'). 

wells  in * 

Boardman  River,  drainage  of 2* 

water  from M 

analysis  of ^ 

Bog  lime,  water  from *-* 

Bolton,  wells  at » 

Boone,  wells  at • 

Bored  wells,  description  of ^ 

use  of ^ 

Borland,  wells  at •' 

Bowman,  Isaiah,  on  Rnaley  district ^** 

work  of * 

Boyden.  well  near * 

well  near,  record  of * 

water  of.  analysis  of * 

Boyne  waterworks  at *• 

wells  at  and  near S.S414CMI 

water  of.  analysis  of ^ 

Boyne  Creek,  wells  on ^ 

Boyne  Falls,  wells  at  and  near ^fl.** 

Branch,  wells  at ** 

Branch  County,  rainfall  in * 

wells  in,  water. of,  temperature  of '* 

Brant  Township  (Saginaw  County),  veil* 

in W7.1«-'« 

Breckenridgc,  wells  at  and  near 23^3 

Brent  Creek,  wells  near '* 

Brethren,  wells  at * 

Brice,  wellsat * 

Bridgeton.  wellsat ^ 

Bridget  on  Township   (Newaygo  County), 

wells  in 68.*.'' 

Brookfleld     Township     (Huron    Coupty), 

wells  in ^ 

wells  In,  record  of ''^ 

Brown  City,  waterworks  at '^ 
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Puce 

.well»»t 249 

wellsat 75 

Is  at 365.378  I 

Usat 309 

hip  (Sanlliic  County ) ,  wells  in.  252-253 
trnship     (Shiawassee    County), 

wells  in 191-192 

.  location  of,  map  showing 191 

spring  near 355 

ar 354,357,363,366 

imship  (Genessee  County),  wells 

in 161.166-168 

,  location  of,  map  showing 162 

wells  at 305 

Township  (Missaukee  County), 

well  in 304 

',  wellsat 82 

8  near 191 

C. 

water  supply  of 62 

vations  near 5. 301 

jrks  at 301 ,  302 

303 

er  of,  analyses  of 303 

iinty.  rainfall  in 10 

water  of.  temperature  of 16 

ners,  water  supply  of 26.45  I 

;llsat 260  i 

llsat 83 

it 146,151-152  I 

,  record  of 152 

wellsat 332,365  I 

at 82  I 

waterworks  at 248 

249 

pllsat 260 

>wnship  (Huron  County),  wells  , 

in 266  ' 

•  supply  at 249 

8  in.  causes  and  results  of 127  i 

aterworks  at 25. 26 

strict,  topography  of 27.41-42  , 

'. 42  I 

'ownship    (Muslcf^on   County),  | 

wells  of 41-42. 45 

.ells  at 151 

^  rainfall  in 10 

water  of,  temperature  of 16 

drainage  of 246,256 

134, 141. 143, 14.V^146 

ireas,  distrilmtionof 5  , 

sat .351 

of  head  due  to 128 

supply  ut .ieT) 

,  drainage  of 17') 

wells  ut 31.') 

)or.  wells  at 2W) 

iship  ( Emmet  County) .  wells  in.      .364 

e,  waterworks  at .344 

XM^/.m  :i3«.  .34.'") 

;r  of,  analyses  of .3.37 

,  T.  C.  water-supply  data  lol- 

ected  by 1 

)wnship  (Huron  County),  wolls 

n 266-267  ' 


Chapman  Lake,  well  on 282 

Charlevoix,  waterworks  at 346 

wells  at 346 

Charlevoix  County,  flowing  wells  in. . .  335, 339-344 

lakes  in 333-335 

rainfall  In lo 

topography  of 333-335 

village  supplies  in 346 

waterworks  in 345-346 

wells  in 348 

water  in,  temperature  of 16 

I  harttofi^wellsftt 348 

Chase,  wellsat 83 

Cheboygan,  waterworks  at 335 

wells  at 355, 357, 366 

!  h*  f-vr  i  <     unty  aawifJK  wells  in..  354,355-363 

lakes  In 353 

map  of  part  of 358 

rainfall  in 10 

springs  in '. 354-355 

topography  of 353 

village  supplies  and  waterworks  in 355 

wells  in 354-363 

water  i  u  anjily  i^i'si  of        356. 361, 363 

tRmpenitun'ijf        16,355,361 

Cheboygan  lit  vvf  drain  age  of 347, 352 

Chesaning   Township    (Saginaw   County), 

wells  in 197,200 

Chestonia.  wells  at 345 

Chicago  Lake,  location  of 6 

Chief,  wellsat 295 

Chippewa  Lake,  wellsat 79 

Chippewa  River,  drainage  of 75,92,243 

Chippewa    Township    (Isabella    County). 

wells  in 93, 100 

Chippewa  station,  wellsat 90 

Chum  drill,  use  of 13 

Chute  Creek,  wells  on 117 

rijim  lakpft,  witer  from 301,302 

Ciwri!.  wat^nrorkti  at 112 

well  near,  record  of 106 

Clare  County,  flowing  wells  in 113 

map  of  part  of 107 

rainfall  in 10 

topography  of Ill 

village  supplies  and  wuterworlcs  in 112 

wells  in 93. 106, 108. 111-113 

water  of.  temperature  of 16 

CIaTVUCV,  wplla  nt 1 12 

Clarion,  well*  *it 344,346 

Clinton  Comity  niinUlUn 10 

wells  in,  water  of.  temperature  of 16 

Clio  district,  wells  In 156 

I  L.^^.  ^    ,      : of 31.35-36 

iM^i.irbr.j.i  .3ii-to 128-130 

Coal,  ■■■^■r^irnii"Mii'         140 

Coal  [[ii- j-^iiTiN.  wiiti'    from i.^^.-, 7 

Coe  h*=TjM    \^v[U  iiL       .;  e3,|)4-WV.97-100,244 

wdJa  ill,  kx-aLLon  of.  map  shewing 95 

record  of t' 96 

Cot>  Township  (Isabella  County),  wells  in..       93, 

95-96.98-99 

wells  in.  details  of. .'...'.... ...'". 94 

wells  of.  records  it. .  '.\ ! ...       96 

Cohoclah  area,  wells  in ....",...! : 180 

wells  in,  locatloh  of,  iiJatT^stidWfng 180 
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Coleman,  wells  at  and  near 102 

Colfax  Township  (Huron  Coanty ) ,  wells  In .      264 
Columbia  Township  (Tuscola  County),  wells 

In 137,139,140 

Columbus  Beach,  wells  at 357-360 

Corn Lnt p  w«^t«rflLipp3y  it  t  310 

CnntoiirSi  map  sbowlnf!     8 

Conway,  wells  at  and  near 365. 

366.371-372,374-375,378 

wells  at  and  near,  location  of,  map  show- 
ing       371 

water  of,  analysis  of 375 

Cooper,  W.  F.,  on  Bay  County 115-121 

work  of 3, 193 

Cop^mjflht  welJi*  nt 296 

i^onmna,  waterworks  at 193 

wells  at 193 

Corwith,  wellsat 348 

Cruviluni^  ounty,  description  of 310-311 

rainfall  In 10 

wells  in 311 

water  of,  temperature  of 16 

Crooked  Lake,  wellsat 112 

Crooked  Lake  area,  wells  in 371-378 

CrofiwelL,  waterwork!^  at 247 

wftt^T  supply  at 249 

Croton,  wells  at 75 

Crown,  wells  at 260 

Crump,  well  at 119 

Crystal  Lake,  wells  on 325, 327 

wr-\]»  (jHt  location  nf,  map  showing 327 

Crystal  Vslley  wat<*r  itjpply  of 62 

Crystal  Valley  diatri<'t,  well  of 53-54 

wplls  in*  location  of,  map  showing 54 

water  ot,  analyjii*  ol 91 

Culver  Cj^x*k.  wells  on 115 

Custer,  wells  at 82 

Custer  Township  (Sanilac  County) ,  well  In . .      256 

D. 

Davis,  C.   A.,  on  Saginaw   Bay  drainage 

basin 121-246 

work  of 2 

Davison,  wells  at  and  near 161-166 

wells  In,  location  of,  map  showing 163 

Davison  Township  (Genessee  County),  wells 

in 128. 155. 161-166. 167-168 

wells  in,  location  of,  map  showing 162 

Dayton  Township  (Tuscola  Coujty),  wells 

In 143 

DeckcrvlUc,  wells  at 249 

Deerfield  Township  (Isalwlla County),  wells 

In lOH 

wells  In,  n«ord  of 109 

water  of.  analysis  of 109 

Dwrfleld  Township   (Livingston  County), 

wells  in 180-181 

Lii'fipnJ.  wellis  nt 1.54 

Denmark     Township     (Tuscola    County), 

wells  in 139 

Denver  Township  (Isabella  County),  wells 

in 93 

wells  In,  record  of 101-102 

Depth,  influence  of,  on  temperature 14-15 

Detroit,  population  of 24 

water  supply  of 24 

Detroit  River,  wells  on 7 


DewAid^weihiat u 

tH'wlngs.wi'lbjit     fi 

Dlamondlock.WHlletftt 75 

Dighton.wdlxat.  n 

Dlt^blog.drajnagfby 202-203,21^9 

loasoFheadduiito IS 

Dorph,W(ill«atjindnear m 

Douglas  Lake,  spring  neiir 354-^ 

wells  near 3m 

Dover,  well  at M 

wnlJ  iwar^  i^cord  of m 

Dow  r  Tow  nshl  p  (Ot  st^n  County) ,  wells  in  .    3C 
Drainage,  character  of »-tt 

3tt  alKQ  Topography. 

Drain  age,  subsoil,  loss  of  head  due  to IS 

Drift, character of^    t 

distrtbatiohof 5 

stmcture  of M 

water  from,  character  of 7. 

132.136-137,141-142.117 

See  also  Topography. 

Drilling,  useof U 

Driving,  imjierfect,  loss  of  head  due  to 17 

Drought,  loss  uT brad  due  to 13Wa 

Dninillnjt,  distribution  of t 

Dublin, wellsat.  » 

Dugwells^dangfr3of     12 

description  of U 

utilisation  of B* 

Durand,  wells  in M8 

Dwight  Township  (Huron  County).  wHU 

In » 

E.  I 

Eagle  Bay,  wells  at J» 

East  Jordan,  waterworks  at 3^ 

wellsat 8.».3# 

water  of,  analysis  of «MD 

East  Jordan— South    Arm   district,  weUi 


In. 


Eastport,  W1UH4I.  34* 

East  TawsSh  waterworfci  %i 269.27ir3 

WHllsal  n,9l 

^tonConnty  raltikllin 1*> 

weJiji  in,  wat^r  of,  tempt- rat u re  of 1* 

Echo,  wellsat »^ 

EdenvlIIc    Township    (Midland    County). 

wells  in 1«^ 

Edgcwood.  wells  at ZJf 

K,  1  ^v  M  -  *  '■  ^n...  11  -  ^,  r  and  near 114,*^ 

Edwards  district,  wells  In U^ 

Edwards  Lake,  well  on 28^ 

Kll>a  Township  (Gratiot  County),  wells  In..   »*- 

224-fl^ 

Elbridge,  water  supply  of ^^ 

Ell)ridge  district,  wells  of 4*^ 

wells  iR  location  ot  niiif>  showing ^ 

watcrof,  analysis  of     '^ 

ElovalLoni,hHghtof.      ♦^ 

Elk  Rupidst.  wfttflfworkii  at 344.3*^ 

iClkton.wollaat,  2«,»J 

Elktonlicach.  location  of  ^ 

Elk  Township  (Sanilac  County^,  wells  In..  25J-25r- 

Ellsworth ,  Weill  at 3*- 

ElmuT  wdlaai       *** 

Elm  Hall,  wells  at ^ 
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atandnear * 345,347 

gs  near 214 

md  near 214-215 

jpply  at 365 

llsat 79 

Uy,  blowing  wells  in 364 

vellsln 335,364-378 

partflof 367,371,372 

n 10,364 

f,  figure  showing 373 

?hyof 333-335,364 

jpplies  in 365 

Tksln 368 

364-378 

rdof 368,369 

!r  of,  analyses  of 360,375 

«raperatureof 16 

sat 333 

Qship  (Newaygo  County),  wells 

n 63,73-74 

location  of,  map  stiowing 73 

rdof 73 

^rsupplyat 365 

rworlcsat 84 

indnear 84,85-87 

T  of,  analysis  of 91 

ct,  wells  of 85-87 

location  of.  map  stiowing ...  85 

jr  of,  analysis  of 91 

F. 

rellsat 147-148 

record  of 147 

Townsiiip    (Tuscola    County),  j 

ivellsin 139,140  | 

*owitship  (Huron County),  wolls 

n 259.266 

wnship  (Grand  Trave.*s»'  Coun- 
ty). weJlsin 319 

ftfcrsupply  of 310 

terworks  at 112 

^rworks  at 171 

171-172 

nshlp  (Genessee County),  wolls 

in 171-172 

at 82 

r  at,  analysis  of 91 

jpply  of 62 

ct,  wells  of 57-58 

,  location  of,  map  allowing 57 

tells  near 312,314 

'llsat 'M.1 

kvenport,     on     Muskegon     well 

water 37 

use  of  well  water  for 125-126 

ells  at 'STtl 

;llsat 312 

in  and  near 131.1.58-UiO 

and  near,  record  of 1  r»9 

er  of.  analyses  of LW-loO 

,  drainage  of 183 

I l.=>8.  ICiO 

jship    (Genesee   County),    wolls 

in 158.160  ' 

!k,  water  of 49 

>k  district,  wells  in 4&-49  I 


Page. 
Flower  Creek  district,  wells  in,  location  of, 

map  showing 46 

wells  in,  water  of,  analysis  of 91 

Flushing,  wells  near 158 

Forest    beaches  (Upper  and  Lower),    loca- 
tion of 6 

Forest  Hill,  welis  at 218 

Forest  Home  Township  (Antrim  County), 

weUsln 337,338 

Forests,  distribution  of 5 

Forest  Township  (Genesee  County) ,  welis  in     156 

Forestvilie,  water  supply  at 249 

Fork  Township  (Mecosta  County),  wells  in.  76-77 

Forman,  wells  at 83 

Fostoria,  wells  near 151 

Fountain,  water  supply  of 82 

FounUin  Point,  wells  at 323 

Frankenlust  Township  (Bay  County),  wells 

in 119,120 

Frankfort,  waterworks  at 330 

wells  at 325,330,331 

Fraser  Township  (Bay  County) ,  wells  in . . .     117, 

118, 119 

Frederick,  wells  at 311 

Freedom,  welis  at 355 

Freesoil,  wells  at  and  near 80, 82 

Frelburger,  wells  at 249 

Fremont,  waterworks  at 66 

wells  at 65-67,60,70,75 

location  of,  map  showing 65 

water  of,  analysis  of 91 

Fremont  district,  wells  In 63, 65-70 

wells  in ,  location  of ,  map  showing 69 

water  of,  analysis  of 91 

Fremont  Lake,  well  at,  arrangements  at, 

figure  showing 67 

wells  at 67-68, 70 

water  of,  analysis  of 91 

Fremont  Township  (Saginaw  County),  wells 

in 197,199 

Fremont  Township  (Sanilac  County),  wells 

in 252 

Fremont  Township  (Tuscola  County),  wells 

in 143.144 

Frost,  well  at 197,200-201 

well  at,  water  of,  analysis  of 201 

Fruitland  district,  topography  of 27, 41 

wells  of 41, 42 

Fruitport,  well  at,  record  of 39 

well  at,  water  of,  analysis  of 39 

Fruit  Township  (Muskegon  County),  wells 

in 39-40,45 

wells  in.  water  of.  analysis  of 40 

Fuller,  M.  L.,  analyses  collected  by 90-91 

on  Mason  County 80-82 

on  Mecosta  County 75-79 

on  Newaygo  County 62-75 

on  Oceana  County 46-62 

on  Osceola  County 84-90 

work  of 3 

G. 

Gagetown,  wells  at 149 

Gaines,  wells  at 170 

wells  in  and  near,  location  of,  map  show- 
ing       169 

Gaines  Township  (Genesee  County),  wells 

in 169-170 
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Gaines  Township  (Qeneaec  County),  wells 

in,  lm*alioii  of,  map  showing —      160 

Gale,  water  supply  of 62 

Garfield  Township  (Bay  County),  wells  In.      119 
Garfield  Township  (Grand  Traverse  Coun- 
ty), wells  in 314 

Garmer.  wells  at 90 

Gaylord,  wells  at  and  near 347-348 

Genesee  County,  flowing  wells  In 125, 1.SS-ITS 

maps  of  parts  of 157.  liiO,  162, 163, 169, 174 

rainfall  In 10 

springs  In 171 

topography  of 155 

waterworks  In 156-158, 164. 171 

wells  In 131, 15^175 

record  of 150 

water  of,  analysis  of 158, 159 

tompcraturp  of 16 

GonosdH^  Township  (Genesee  County),  wells 

In 160-161 

wells  in,  location  of.  map  showing 160 

Geneva  Township  (Midland  County),  wells 

in 93, 102, 245 

Geography,  desfriptlon  of 4-6 

Got>logy ,  description  of 4-9 

map  Nhowing 8 

Geologic  history,  outline  of 4-6 

George  Lake,  well  on 282 

Geyser  Spring,  dc.s<Tiption  of 89-90 

(flbson  Township  (Buy  County),  wells  in..      119 
GilTord  Township  (Tuscola  County),  wells 

In 139 

Gillwrt.  wells  at 303 

Gllmore  Township  (IsalK'lla  County),  wells 

in 92  93, 106, 108 

Glacial  ep(X'h.  history  of 4-6 

Ciljwial  lakes.  «iescription  of 6 

Glaciers,  distribution  and  character  of 4-6 

Gladwin,  waterworks  at 114 

Gladwin  County,  flowing  wells  in 1 13-115, 2ii9 

rainfall  in 10 

topography  of 113 

waterworks  in 114 

weUs  in 11,V115 

water  of,  tenii)erature  of 16 

Gladwin  district,  wells  in 114 

Goocha,  J.  B.  F.,  on  Otsego  County  wells..      348 

Goodell.  wells  at - 75 

Goodhu  rt,  water  supply  at 3(>.'j 

Goodrich,  wells  at 172-173 

Goo.se  Lake,  well  on 336 

Gordon.  C.  II.,  work  of '. 248 

(Jotts,  wells  at 2tiO 

Gove  Township  (Huron  County),  wells  in. .      2t»8 
(Jrabau,  A.  \v'..on  Petoskey  and  Bay  View.       'M\5 

(Jrace,  wells  at 35:j 

(Jran<l  Bl.inc.  water  supply  of 171 

(Jnind  Haven,  rainfall  at  and  near 11 

<irrand  Kapids,  wells  at  and  near 7 

(Jrand  River.  <lrainage  of 18:i 

( Jrand  Traverse  Bay.  wells  near 16 

Grand  Traverse  County,  flowing  wells  in.  315-326 

map  of  part  of 316 

8c<'tion8  of 317, 318 

rainfall  in 10 

springs  in,  analysis  of 321-322 


Grand  Traverse  County,  topography  of ... .    314 

\illago  supplies  In 3U 

weUsin 31«M 

records  of 32,38 

water  of,  analyses  oL 31138 

temperature  of »  1 

Grant,  wells  at TJ  ] 

Grant    Township    (Clare    County),   w«Us 

in 93.M8.Mli 

Grant  Township  (Iluron  County),  wells  in.    M 

wells  In,  record  of S 

Grant  Township  (Newaygo  County),  weliitai  0,71 

Grasmcre  beach,  location  of • 

Grassmere,  wells  at M 

Gratiot  County,  flowing  wells  in 13S.304-ai 

map  of  part  of 205,215,216.2a,2M.ffl 

rainfall  in W 

springs  in 214,21l 

topography  of MM* 

village  supplies  in 2JHJI 

waterworks  in aM,2U,2i 

wells  In 93,303-81 

records  of 306,213,21 

water  of,  analysis  of 2M 

temperature  In 14,213 

Grayling,  wells  at 311 

Great  Sable  River,  drainage  by S 

Oreonbush,  springs  near 3> 

wells  at 3> 

Greendale    Township    (Midland    County), 

wellsin 2fl 

wells  In,  location  of,  map  showing 2fi 

Greene  Creek,  well  on 34 

Groenloaf,  wells  at 2* 

Greenwood  district,  wells  of SW» 

wells  in,  location  of,  map  showing 31 

G  reenwood  Township,  wells  in U1-1I2 

Gregory,  W.  M.,  on  Beulah  and  Bensonia 

wells , S27-33P 

on  Cheboygan  C^ounty 36S-I8 

on  Frankfort  area 3> 

on    Geneva    and    Warren    townships, 

Midland  County 24S-2« 

on  I  sabeUa  County W-IU 

on  northwest  border  of  Saginaw  Bay.  289-271 

on  Oge.-naw  County 281-213 

on  Cicama  wells 2W-3W 

work  of 3,231'-.. 

Grindstone,  wells  at *• 

Ground-water  table,  depth  of 1^ 

G  rout  Township  ( Gladwin  County ) ,  wells  in    U* 

Grove,  wells  near ^ 

G  ro veland  Township  (Genesee  County)  .wells  | 

i  n .  location  of,  map  showing ....    1"* 

(rustin,  wells  at ** 

Gypsum,  influence  of,  on  water ^* 

H. 

llaakwooii,  wells  at 356^ 

water  of.  analysis  of ^ 

lladley  Township  (Genesee  County),  wells 

in 173-175 

wells  in,  location  of,  map  showing ^^ 

IIagens\ille,  wells  at ^ 

Hale,  wellsat 28i 

Hampton  Township  (Bay  County),  wells 

in ll^l** 
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.  waterworks  at 250,260,263 

:»,  wells  at  and  near 366, 

366-370.375 
d  near,  location  of,  map  show- 

: 367 

of 368,360 

of.  analyses  of 360 

at 206 

Jat 280 

isat 303 

en^'orks  at 112 

rings  near 308 

?ord  of 308 

300 

orks  at 50. 62 

cs  at,  water  of,  analysis  of . . .       01 

weUsin S2-53 

tcation  of,  map  showing 51 

..spring  in 181-182 

181-182 

>n  of,  map  showing 182 

of,  analysis  of 182 

.  wells  on 172 

llsat 90 

;ht9.  wells  at 374 

It,  wells  at 374,375 

Isat 75 

at 353 

It 260.348 

22-23,140-141 

uses  of 12&-132.208 

idividuat  place*. 

St  ri button  of 5 

at 260 

sat 306 

.wells  on 325 

at 90 

,  springs  on 88 

Is  in  and  near 62-65 

cx>ation  of.  map  showing <>3 

of,  analysis  of 91 

,  location  of 305 

pr>*'orksat 350 

350 

nty.  rainfall  in 10 

vater  of,  temperature  of 10 

1  At 303 

it ITO 

r  supply  of 2t) 

ishlp  (Midland  County),  wells 

1 237, 24(^-242 

*('lls  at .Tn 

at Si.'V  32< ) ,  33 1 

:..  work  of 3 

woils  at 34«i 

ikr,  lo(.*ation  of 30.') 

30fi 

►  ator  supply  of «i2 

rworks  at 170 

md  near 17r>.  170 

on  of,  map  showing 177 

rlsof 17S 

r  of.  analysis  of 17"» 

ko,  location  and  drainage  of . . .      .V)7 
\vys,x>\ 

183—06 2() 


PHge. 

Iluher,  wells  at 76 

Hudson,  h^'l^LIei  At  348 

Htmit^  Township  {Ilurrm  County),  wells  in.      268 

flnngprfordt  wdjis  at. .  .♦ 76 

Ilurou,  weiifl  at.  260 

Huron,  L*ti\  watf^r  of  and  from 257-268,250 

Huron  County,  flowing  wells  In 250, 

261,264-266,288 

map  of  part  of 258 

rainfaUIn 10 

section  across,  figure  showing 250 

topography  in 257-250 

village  supplies  in 260 

waterworks  in 250-260 

wells  in 257-268 

records  of 261,262,264,266 

water  of.  tompcraturo  of. 16,264,265 

Huron  Township  (Huron  County),  wells  in..      288 
Hydraulic  ram,  use  of 126 

I. 

Ice  ponds,  use  of  well  water  for. 125-126 

Hlinoian  stage,  drift  of 8 

Ina,  wells  at 90 

Incrustation,  chemical,  description  of  and 

rpmedios  for 128-130 

Indian  River,  wells  at  and  near 354, 

355,357-^62,366 
wells  at  and  near,  location  of,  map  show- 
ing   368,371 

water  of,  analyst^.s  of 361 

Ingersoll  distru  t,  wHJ*(  i^r     240-242 

wells  «]f.  etmtfUlilnjitJH*ri  of 240 

Ingersoll  Township  (Midland  County),  wells 

in 237,240-242 

wells  in,  location  of.  map  showing 236 

In^'huirn  t  ntjrity  ra^iifAinn     10 

wells  In,  wnti^f  of .  tniTip<*rntun^  of. 16 

Int<Tlochen,  wi'lls  at 315 

Intermediate  Lake  district,  wells  in 335-b38 

Institutions,  water  supplies  of 23-24 

Intt'rmcdiate  Lake,  wells  on 8,16 

IfHiiu '.;.i,ji,i>    ..iiiifali  In 10 

W(*||»  \t\,  water  of ,  temperatuns  d. 16 

I t»!ie(t  V nunt y  Ho  wt ng  wells  in .  2JJQ-270, 271 , 274-279 

niJipa  ol  iwrta  of 270,275 

ralnfallln 10 

topogrsphy  in 260 

waterworks  in 260 

wells  in 2W-270, 27 1,274-281 

rfHords  of 277 

water  of,  analysis  of 276 

temperature  of 16 

Iron.  prf'S''ni^' of  14 

lhMiitol?i,  fi..      .  6 

Ironton,  wi^ls  at  and  near 340-341,346 

Irrigation,  us<«  of  well  wat<«r  for 125 

IsalM'lla  hasin.  wells  in 93-94, lOl-lW 

ttf'Ih  in,  loontinn  of  map  showing 107 

IsjiN'lki  rounty,  flowing  wells  In 92  109,260 

maps  of  parts  of 95. 107 

ralnfallln 10 

s<'etions  of.  fignn«s  shoA*ing 92, 101 ,  106 

toi»ography  of 92 

waterworks  in 109-110 


'.V*^ 
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Isabella  County,  wells  In.. 92-111 

wells  In,  record  of tf6, 101-102, 100, 109 

relations  of,  figuro  showing 106 

water  of,  analysis  of 109 

temperatum  of 16 

Isabella  Township  (Isal)ella  County),  wells 

in....: 93-94,101 

Ithaca,  weUs  at 229 

Ivanhoe,  wells  at 260 


J. 


Jackson,  water  supply  of 24 

Jackson  rx)unty,  rainfall  in 10 

wells  in,  water  of,  temperature  of 16 

Jasper  Township  (Midland  County),  wells 

in 9b,  90, 97-98, 243-245 

Jennings,  waterworks  at 305 

wells  at 305 

Jewell,  wells  at 75 

Johannesburg,  wells  near 348 

Johnston,  wcUs  at 260 

Judge,  wells  at 311 

Juniata  Township  (Tuscola  County), wells 

in .* 139 


K. 

Kalamazoo  County,  rainfall  in 10 

wells  in,  water  of,  t<.^mp«^rature  of 16 

Kaleva,  wells  at  and  near 295,296-297 

Kalkaska,  waterx^'orks  at 313 

wells  at  and  near 312-313 

Kalkaska  County,  description  of 312-313 

rainfall  in. 10 

wells  in 312-313 

water  of,  analysis  of 313 

temperature  of 16 

Karlin,  wells  at ol5 

Kawkawlin  River,  valley  of ,  wHIm  in 115,116 

Kawkawlin  Township  (Bji\  County),  wells 

In ' Il«i,lis,il9 

Kearney  Township  (Antrim  County),  wells 

in 33(.-337,33S 

Kent  Ct)unty,  rainfall  in 10 

wells  of 7 

water  of,  temjii'rutun^  of 16 

Klllmaster,  wells  ut 30i» 

Kilmanagh,  wells  ut^ 2(iO 

Kinde.  wells  ut LMK) 

Kingston,  wells  at 14«.»  l.JO 

Kirk,  wdls  at 74,75 

Klondike,  water  supply  of 62 


Lafa5'ett<'     Township     (Oratiot 


County), 

2(>3 

2«>,J.-,7 


Laing,  wells  at 

,  Lake,  wells  at 7.') 

Lake  Ann,  wells  at :m 

Lake  City,  waterworks  at :i()'> 

weJls  at 3()."» 

Lake  County,  rainfall  In 10 

topography  of S2-H3 

villag(>  supplies  in ^i3 

wells  in K2  X3 

water  of,  temperature  of 16 


Lakefleld    Township    (Ssgiiuiw   County 

wells  in 

Lake  Harbor,  water  supply  of 

Lake  Harbor  district,  topography  of 

wells  of X 

Lakes,  occurrence  of 

water  supply  from 

Lakcs.Olaclal.  description  of 

Lakoton    Township    (Muskegon  Coootj . 

wells  in 

Lake  Township  (Huron  County),  wells  in.. 
La  Mottc  Township  (Sanilac  Coanty),  vflu 

in 21 

Lane,  A.  C,  on  Huron  County 2 

I  on  Saginaw  water  supply i 

work  of 13.111 

Lansing,  water  supply  of 

Lapeer  County,  flowing  wells  In I 

rainfall  in 

wells  in 

water  of.  temperature  of 

Larldn  Township  (Midland  Countyi,  vell> 

in ■! 

wells  in,  location  cf.  map  showing 

Latitude,  influence  of.  on  tempemturp  i> 

undeiground  water 

Lattin,  water  supply  of 

Lattln  district,  weUs  of 

Leaks,  loss  of  head  due  to 

Leelanau  County,  flowing  wells  in 

rainfall  in 

topography  of 

\illage  supplies  in 

wells  in 

water  of,  t(>mpc>rature  of 

IxH.>land    Township     (Leelanau    County 

wells  in 

Lcotsville,  wells  at 

Legislation,  character  and  text  of 

Ixiighton,  M.  O.,  analyfes  furnished  by.. 
182, 185. 186, 220, 237, 248, 303.  lilii 

Leland,  w^ells  at 

licnawee  County,  rainfall  in 

wells  in,  wat«»r  of,  temperaturo  of . . . . 

Lo  Kocque,  wells  at 

I.,croy,  wells  at 

Ix^verett,  Frank,  introduction  hy 

on  Alcona  County 

on  Alpena  County 

on  Antrim  and  Charlevoix  coiinti<'s. 

on  IJenzle  County 

on  (Cheboygan  County 

on  ClareCounty 

on  Cm^-ford  County 

on  Emmet  County 

on  <iladwin  County 

on  Grand  Traverse  County 

on  lsal>ella  County 

on  Kalkaska  County 

on  Lake  County 

on  T^>i>lanau  County 

on  Manistee  County 

on  Mason  County 

on  Midland  County 

on  Missaukee  County 

on  Montmorency  County , 
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on  Muskegon  County  to- 

phy 25 

unty 85-84 

imty 310 

jnty 347-349 

le  County 352-353 

m  County 305-306 

unty 246-257 

ounty 301-303 

3 

; 365 

:of 3.14 

rorksat 350 

349,350 

fsat 261 

t 247-248 

analysis  of 248 

249-252 

•f,  map  showing 250 

75 

rfrom 7 

308.309 


-ainagc  of 

■p  (Huron  County),  wells 


80 


267 


p  (Newaygo  County) ,  wells 

74 

171 

t 260 

at 365 

River,  drainage  of 75 

«at 348 

ty.  flowing  weUs  in..  125.176-182 

sof 177,180,182 

10 

181-182 

^f 175-176 

n 176 

175-182 

f 178,181 

analyHisof 179.182 

♦•raturc  of 16 

'llsat 351 

307 

305 

1117, 190 

•rworlcsal 81 

near SO.  82 

and  near 282.289 

H3 

t 310 

M. 

;  and  no&T :«)4.  :iOo 

.  wells  in 114-11') 

at :no 

it 75 

on  Miislcogoii  ("otiiily 2^>-4o 

3 

r  supply  at IH\5 

■.  rainfall  in 10 

Ler  of,  t<'niprral»in*  of 10 

il  Spring,  character  of 21<> 

»ar 2WI 

cjrworks  at .'i44 
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ICaniatee,  waterworks  at 294-295 

wells  at 294 

water  of,  analysis  of 294-295 

Mariijilw  Cdtuity  Q owing  wells  in 296-301 

niapof  {Mtrt  of 297 

rainfall  in 10 

topography  of 294 

village  supplies  in 295-296 

waterworks  in 294-295 

weUsin 293-301 

record  of 296,300,301 

water  of,  analyses  of 294-295,300 

temperature  of. 16 

Manistee  River,  drainage  of 83, 

293, 301-302, 303-304, 311, 312, 334 

wells  on •. 293,313 

Mi^Tit  ifi,  waterworks  at 302,303 

w('!|fl«t.  303 

Mnj^  iahnwlng:aivadLieus!»'d 2 

showing  artesian  areas 6 

showing  contours .  g 

showing  flowing-well  temperatures 17 

showing  geology 8 

Maple  aty,  wells  at 333 

Maple  ;  'i:jN(Crawford County), 

wells  in 311 

Maple  Ridge,  wells  at 281 

Maple  Ridge  Park,  wells  in  and  near 183-184 

wells  in  and  near,  location  of,  maps 

showing 184 

Maple  HI  ver  drainage  of 202 

wells  on 224 

Maple  River  Tewnship  (Emmet  County), 

wells  in 364 

Marlon,  wells  at 84, 88, 90 

Marion  Township  (Saginaw  County),  wells 

in 197,198 

Marlette,  waterworks  at 247 

wells  at 249 

Marlette  moraine,  location  of 246 

Marls,  water  from 7-H 

Marshall  sandstone,  water  from 7, 

121, 138.232.257,258,264,266 
See  also  Upper  Marshall  sandstone. 

Mti son  County  flowin]^  wells  in 80-81 

map  of  part  of 80 

rainfall  in 10 

topography  of 80 

vUljiiMi^  smppliej  in. 82 

wult^rworks  in  81 

wellH  in 80-82 

water  of,  tomi)orature  of 16 

Maumee,  Lake,  l(x;ati()n  and  history  of 6 

Mayflehi,  wnlla  at 315 

May  villi',  wells  near 144, 150 

Meade  Tov^Tiship  (Huron  (^>unty),  wells  in.      267 

Mears,  water  supply  of 62 

Mecosta,  well  at 78, 79 

well  at.  water  of,  analysis  of 91 

Mecosta  County,  flowing  wells  in 76-78 

mai)s  of  parts  of 76, 80 

rainfall  In 10 

topography  of 75-76 

village  supplies  in 79 

waU»rwork8  in 78-79 

well 8  m 76-79 


Pace 

Mecosta  County,  wells  in,  rooord  of 78 

water  of,  analyses  of. 90 

temperature  of. 16,78 

Menu,  wells  at 281 

Melvin,  wella  at 319 

Merrill,  wells  at  and  near 197 

Merritt  Township  ( Bay  County) ,  wells  In.  118, 120 

M^HHiWHbul 353 

HiGhif^nn,  Livke>  waU^f  supply  near 12, 26 

Mldiigun  tonsiAtion,  occurrence  of 261, 

265,266,285 

water  In 271 

MlddlrlfJii.  vdlson 230 

Midland,  waterworks  at 235 

wells  in  and  near 235-239. 

location  of,  map  showing 236 

record  of 238 

water  of,  analysis  of 237 

Midland  (\mnty.  flowing  wells  in.  125,232-246,269 

map  of  part  of 95,233,236,243 

rainfall  in 10 

topography  of 232,234 

waterworks. in 235 

wells  in 93, 9«-98, 102, 131, 232-246 

record  of 238 

water  of,  analysis  of 237 

character  of. 132 

terai)erature  of. 16 

Midland  Township  (Midland  County),  wells 

in 234-239 

wells  in.  location  of,  map  showing 236 

record  of 238 

water  of,  analysis  of 237 

ttlksdo,  wells  at      309 

Millbrotik  wHH  ut 78,79 

Mlllersburt^,  wiiUir  supply  at 353 

Mill  prion,  ^I't  I  AH  t     80,82 

Millingtnn.  wtll^  near 150-151 

Mlndrn^  w^W    nl  and  near 249, 257 

Hio»  waterworks  ui 310 

we  lie  lit  310 

Mlnfljiukno  County  flowing  wells  in 304 

rainfall  in 10 

topography  of 303 

village  supplies  in. 305 

waten\'orks  in 305 

wells  in 30:^-305 

water  of,  U'mix?rature  of Ifi 

Mitchle  ('nH»k.  wells  on 117 

Moltko  Townsliij)   (Prps<iue  Isle  County), 

wells  in 352 

Monitor   Township    (Bay   County),    wells 

In 115-116, 119 

Monroe  Center,  wells  at 315 

Monroe  County,  rainfall  in 

wt'llniJ  v.,lL!  :     !,tomi)eratureof 16 

Moti  taguo,  wii  torworMa  at 25, 26 

wells  at 28-31, 44 

record  of 28 

water  of,  analysis  of 37 

Montague  Township  (Muskegon  County), 

wells  in 43-45 

Montcalm  County,  rainfall  In 10 

wells  in,  water  of,  temperature  of 16 

lontmorency  County,  description  of .  j . . .  340-^350 
weUsin 341>-350 


Montrose,  weDs  In  and  near 

wells  in  and  near,  location  of,  map  iho\ 

ing 

Montrose    Township    (Geneara    Count j; 

wells  in 

Moores  Jink  iL-.u.  <i\vv^  at 

Moore  Township  (Sanilac  County),  vella 

in a 

MiJorlaua  district,  topography  ol 

wells  of 4M1,4 

gas  in 

Moorland  Township  (Muskegon  Coontj), 

well  of « 

Moraines,  charctcter  and  dlstribuU on  of 4 

St€  tjJjro  Topography 

Morley,  weUA«t.  I 

Mount   Fdrest  Township    (Bay  County), 

wejlsln,  U7,lll 

Mount  Ualey  Townflhlp  (Midland  County), 

weUsin.... 2I7,J«-ltt 

Mount  Pleasant,  waterworkaat M9-1I0 

weUaat «2,10^U1,«P 

records  of 110,1L*. 

Mullet  Lake,  weUs  near.. .  354, 355-356, aa,3ia,ir9 
Mundy  Township  (Qeneaee  Coonty),  w«Ut 

in im-llt^ 

wells  In,  location  of,  map  showing 119 

Municl  pall  ties,  water  BUppll<^^  of S-l^ 

MuikQgon,  waterworks  at 2^ 

well* at  and  near..     31-37,41^ 

iwfords  of .  32,33,3A 

wstoT  of,  wmlysea  of J6,jr 

Muskegon  County,  Homing  weUs  in »-4^ 

lakes  of TT 

rainfaUln «^ 

lopography  of. ^ 

vUkkgpatjppllMln ^ 

watcn^'orkB  in 2H* 

weUsin »-4& 

records  of 28, 32, 33, 3i  9,^ 

water  of,  analyses  of 36,37,39 

temperatureof ^* 

Muskegon  Lake  distxlct,  topography  of .  37,31'^ 

wellsof 32-37,  ** 

head  of 34-^ 

water  of 36"- 

Muskegon  River,  source,  oourse,  and  diain- 

ageof..... 5,25,82,75,83,^ 

wells  on 3^ 

Muskegon    Township,    Muskegon    County, 

wellsln ^ 

N. 

Napoleon  sandstone.    See  Upper  MarahaU 
sandstone. 

Nelllst,J.  F.,  work  of 3 

Newark,  wdlpi  at     230 

Newaygo.  wAlcrworksat 72 

waterworks  at,  location  of,  figure ahow- 

Ing 70 

wells  in  and  near 82,70-72,75 

location  of ,  map  showing 70 

water  of ,  analysis  of 91 

Newaygo  Ck>unty,  flowing  wells  In 62-74 

maps  of  parts  of 63,66,60,70,73 
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fmge. 

Newaygo  County,  imlnfall  In 10 

topography  of 62 

village  sappUes  in 76 

watenrorka  In 66^72 

veils  In a»-76 

reoordaof 73 

water  of ,  analysie  of 91 

temperataie  of 16 

NcHen  aty,  wella  at 331 

Htw  Era,  water  aapply  of 62 

New  Haven,  wellB  at i 230 

NiplHlng,  Lake,  location  of 6 

mpiailiig  beach,  location  of 6 

Nlm2ia,weUBat 83 

No«lke4no  Springs,  location   and    descrip- 
tion of 88-90 

water  of ,  analysis  of 80 

North  Bums,  wells  at 260 

North  If  uakegon,  waterworks  at 25,26 

wrell  at,  record  of 33 

Northport,  wells  at 333 

North  Shade  Township  (Gratiot  County), 

wellsln 231 

forth  Star,  wells  at 230 

Tor^on  Township  (Muskegon  C^ounty) ,  wells 

in 46 

orwood,  wells  at  and  near 339,346 

Ottawa  basin,  wells  In 93,95,106-106 

'VreUs  In,  record  of 105 

c^^t^wa  Township  (Isabella  County) ,  wells 

in 92-93,108 


O. 


^^  Grove,  wells  near 

wells  near,  record  of 

^Ic  Grove  Sanitarium,  well  at. 

well  at,  record  of. 


180-181 

181 

150 

..      150 


water  of ,  analysis  of 159 

^"kland  County,  flowing  wells  in 125 

rainfall  In 10 

wells  of ,  water  of ,  temi>erature  of 16 

^■tructlons,  loss  of  head  due  to 12& 

v^oana  County,  flowing  wells  of 46-59 

maps  of  parts  of 46,49,51,54,55,50,57,58 

rainfall  in 10 

topography  of 46 

village  supplies  in 62 

waterworks  in 50-61 

wellsln 46-62 

water  of ,  analyses  of 91 

temperature  of 16 

^den,  section  at,  figure  showing 373 

wells  at  and  near 365, 366, 371-377 

location  of,  map  showing 372 

water  of,  analysis  of 375 

^Cemaw  County,  flowing  wells  in 269,281-293  | 

maps  of  {Mtrts  of 283, 2J<9 

section  of,  figure  showing 290  ' 

rainfallin 10  I 

springsin 282-283  ; 

topography  of 281  | 

village  supplies  and  waterworks  in 282 

wellsln 281-293  | 

records  of 286,287  . 

water  of,  temperature  of. 16,286,202  ' 


Ola,  weUsat 230 

Old  Mission,  wells  at 315 

Oliver  Township  (Huron  County),   wells 

In 264-265 

Omena,  wells  at 333 

Omer,  wells  at 271, 281 

Onaway,  waterworksat 353 

wells  at 353 

Onekama,  wells  at 294, 295, 297-301 

wells  in,  location  of,  map  showing 297 

records  of 300, 301 

water  of,  analyses  of 300 

Orient,  wells  at go 

Orono,  wells  at go 

Ortonvllle  area,  wells  of 128 

wells  in,  location  of,  map  showing 174 

Osceola  (bounty,  elevations  in 5, 83 

flowing  wells  in 85-88 

mapof  partof 85 

rainfall  in lo 

springsin 88-90 

water  of ,  analysis  of 89 

village  supplies  In go 

waterworks  in 84-^ 

wells  in 83-88,90 

water  of,  analyses  of 90 

temperature  of lo 

Osceola  Spring,  character  of 90 

Oscoda,  waterworksat 209,281 

Oscoda  County,  description  of 310 

rainfall  in lo 

waterworks  in 310 

wells  in 310 

water  of,  temperature  of 16 

Ossineke,  water  supplies  at 351 

Otia,  wells  at 75 

Otisvllle  district,  wells  of lai 

Otsego  County,  rainfall  in lO 

springsin 348 

topography  of 347 

waten^'orks  in 349 

wells  in 347-348 

water  of,  temperature  of 16 

Otsego  Lake,  wells  on 348 

Ottawa  County,  rainfall  in lO 

wells  of 7 

water  of,  temperatuni  of 16 

Otterbum,  wells  at 160 

Overdevelopment,  loss  of  hea<i  from 126-127 

Owendale,  wcUs  at 260 

Owosso,  springs  at 185-186 

waterworks  at 186 

wells  at 130, 183-185 

location  of.  maps  showing 184. 186 

records  of 1^6-190 

water  of,  analysis  of 185 

r. 

Palms,  wells  at 249 

Taris,  weJls  at 78. 79 

Paris  Township  (IluronCounty),  wells  in.  259,263 

ParisvUle,  wells  at 260 

Park  Lake,  wells  at 90 

Parks,  wells  at 75 

Pawlowski,  wells  at 260 


390 


INDEX. 


Peach  ville,  water  supply  of «2 

Peck  district,  wells  in 253-2M 

Peiiston,  wells  at 365 

Peninsula     Township     (Grand     Ta  verse 

County),  wells  in 314 

Pentwater,  waterworks  at ()0-<H,fi2 

w  it  U<  r \v  n  r k«  lit  p  w Ati!  r  of  analysLB  of 91 

Pentwater  Itl vi^r.  liralnagv  by 4ft  | 

Pentwater  I'ownnhi  p,  wi'lla  of 80-81 

we-Jl!?  of,  lot'iitic^n  at,  luap  showing 80 

Wiilcf  til.  iinA]>-«iiof 91 

Pere  M II  rqiK'  1 1  r  li  I  vcr  i  min  iigip  by 4tt,  80 

Ferrfnton,  wnllMit 231   ■ 

PctoBkiT  wrllflat 355  | 

jTiplps  wdhiit 346  j 

Pli^rpDrt,  WfllBttI 295 

Pigpon,  wdlswt  813-1  near 258,2fi0,265 

Plgrcm  Ri v«T,  dmiriugi^.  of 347 

PJiN^kiiiif»y   wf\]}*  iwti  r 179 

Pinconnlng.  wells  at 369.270-271 

wells  at.  location  of,  map  showing 270 

FimH^unitMf  TNiwnahSp  (Bay  Tounty).  wells 

in 117. 119. 2fl9. 270-271 

Pine  Creek,  wells  on 231 

Pine  I^ke.  wells  on 8.340,341 

Pine  River,  drainage  of 92.302.307 

spring  on 109 

water  from 304 

wells  on  and  near. .  212. 215. 221-22,3. 229. 230,  ,10K 

Pine  K  i  \  or  i  fn  i*t  -olTlir ) ,  wells  at 381 

l*ine    River  Township    ((Iratiot   County), 

wells  in 215-21« 

wells  in,  location  of,  maps  showing 215. 216 

Pine  Run,  wells  on 156 

Pinnibog.  wells  at 2fl0 

I'imM'     wMsrtl 305 

Platte,  wells  at 331 

Platte  River,  drainage  of ,'124 

wells  on 325 

Pleasant  View,  wells  at STm 

Pog>'.  wells  at 70 

T'ciitiU'  HUi  Hn rques,  wells  at 2ft() 

rolntii  wolt ,  F  luju^j;! in:  of 12S  l.W 

description  of 12H 

use  of 13 

l'oinp4Mi.  wells  at 231 

Ponshcwaing.  wells  at 372. 374-.'^').  :<77 

wells  at.  HH'ord  of :i77 

Popple,  wells  at 2»»0 

Population,  estimates  of 4,2.'<-24 

Portage  Lake,  character  of 297 

well  on 2i».V294.291) 

Port  Austin,  water  supply  at 260 

Port    Austin   Township   (Huron   County). 

wells  In 2»W 

port  Crescent,  wells  at 2rt<) 

I'ort  Hop*',  water  supply  at 2ti<) 

Port  Huron,  rainfall  at  and  near U 

Port  .Sanilac,  wells  at  and  near 24!>, 2.V>  256 

I'ortKtnciuth  Township    Bay  County),  wells 

in 118,12<) 

Posen,  wells  at '.Vili 

Precipitation,  reconls  of 10  1 1 

Prescott,  wells  at 2S2 

Prc8(iuo  Isle  County,  rainfall  in 10 


hit 

Presque  Isle  County,  topography  of a 

village  supplies  and  watenrorks  Li S 

weUsin SSHB 

water  of .  temperature  of V 

Provement,  wells  st a 

Prudenville,  wellsat m 

R. 

Kainiall,  records  of IMI 

Rainy  River,  drainage  of a 

Rams,  hydraulic,  use  of n 

lUpM  City  weJlaat flltt 

HbpKon.  wcilflal, a 

UathlKjne,  wmlUat a 

liiivenna.  wntcr  supply  of 9Lf 

RetHiClty.  Apritii^  near tt,ll 

sjifingsii«r  wai#  rot  analysis  of • 

WMtcTworkSNt        i 

wells  at 84,  K^* 

water  of ,  analysis  of ■ 

lUdman,  wi'Us  ht a 

Redoak,  wells  at a 

Reeman,  wells  at 3 

Reese,  wells  at l#-li 

wells  at,  records  of !«.!• 

Remus,  wells  at J* 

Rescue,  wells  at a 

Rice  Lake,  wells  on TJ 

Richfield    Township    (Qenessee    County), 

weUsin WMfl    ! 

wells  in,  location  of,  map  showing * 

Rifle  River,  wells  on * 

Riv.fihilc,  ^vjitvrworka at ^ 

weHs  in  and  tinar     ^ 

record  of ^ 2** 

Rivers,  course  of * 

Hiipplyoi  * 

water  supply  from ^ 

Riverside  Township  (Missaukee  County), 

wellsin ^ 

Rock,  water  from,  character  of 138-1^ 

137-13M»-l< 

Rodney,  wdls  at - 

Rogers,  wells  at 852.3^ 

Rondo,  wellsat 3^ 

Roscommon,  population  of 3^ 

i^^htcrworfcii  Hi  * 

wells  at 3> 

Roscommon  C-ounty ,  flowing  weJis  in ^ 

rainfall  in ' 

topography  of 31 

waterworks  in J 

wells  in 305-3 

water  of,  temperatu<ie  of 

Roseklty  wclli«  lii  and  near 209.281,288-' 

Hose  Lake,  wells  at 84,»! 

Tlothl'ury,  water  supply  of 

Rubicon  Tyiftiishig  (Huron  County),  wells 


in. 


Russell.  T..  (m  Michigan  weather. 
Ruth,  wellsat 


.^apaninj;.  wells  at 

Sapininp  CnM»k,  wells  on 

.*<age  Township  (Gladwin  County),  wells  In. 
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orksat 

201 

105,202 

ocation  of 

6 

linage  basin  of,  counties  in      121 
In  of,  physiography  of  . .  121-124 
)pliesof 121-246 

ty  of 

132-133 

of ,  loss  of  loss 

;ypes  of 

126-131 
124-125 

ation  of 

125-126 

)f ,  map  of 

rdcr  of,  wells  on 

of                           

..      270 

269-281 

120 

120-121 

lear,  beml  in 

23 

flowing  weiU  in 125,  iav-201 

10 

>f                 

194 

n 

201 

194-202 

analysis  of 

201 

ctcr  v.t  

..       195 

Tature  of 

16 

wrlption  and  location  of 
haractcr  ot,         

..      4-5 
202 

'ainage  of 

194 

'ells  on 

7 

rainfall  in 

10 

T  of,  temperature  of 

rells  on   

16 
7 

t 

306 

it 

346 

y,  rainfall  in 

10 

?r  of,  temi>eratura  of 

vorks  at 

16 
219 

1-27. 130. 20:t.  219-220 

220 

age  of 

92 

14 

cnce  of 

Km.  294 

,  relation  of  water  supply 
9 

?ping  by,  loss  of  head  duo  to      128 

wnship   (Iluron   County), 

in »a 

rence  of 

'  from 

5 

79 

■atorworks  at 

248 

249.  r.*i 

lowing  wolls  in 

)f 

249-2.-)7 
2.^10 

10 

2.^1. 2  ".2 

)f 

24<'>-247 
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Sean,  wells  at 90 

Sebewaing,  coal  miiiea  at,  subdrainage  by. .      140 

wells  at 260 

Sebewaing  Townahip  (Huron  County) ,  wells 

in 260-261 

wells  in,  record  of 261  ' 

Seville  Township  (Qratiot  County),  wells 

In 213-215 

Sharon,  wells  at 313 

Shaw,  wells  at 75 

Shelby,  waterworks  at 60,62 

waterworks  at,  water  of,  analysis  of . ..       91 
Shelby  district,  section  across,  figure  show- 
ing         61 

wells  of 49-51 

location  of,  map  showing 49 

water  of,  analysis  of 91 

Sheridan  Township  (Clare  County),  w^ Is 

in 113 

Sheridan  Township  (Huron  County),  wells 

in 250,262-268 

Sheridan  Township  (Mecosta  County),  wells 

in 77-78 

water  of,  analysis  of 91 

Sheridan    Township   (Newaygo    County), 

wells  in 74 

Shei-man,  wells  at 303 

Sherman  Township  (Huron  County),  wells 

in 263 

Sherman  Township  (Newaygo     County), 

wells  in 74 

Sherman  Township  <  JsocoUi  County),  wells 

In..... 83-84 

Sherzer,  W.  H.,  work  of 3 

S  hia wiissf^e  C  ouniy ,  flowing  wells  in 125, 

183-186, 191-192 

maps  of  parts  of 184, 186, 191 

rainfall  In 10 

springs  in 185-186 

topography  of 183 

waterworks  in 186, 193 

wells  of,  records  of 186-190 

wcllain 183-193 

water  of,  analysis  of 185 

temperature  of 16, 193 

Shiawassee  Uiver,  drainage  of 175, 

181,183,191-192,202 

wells  on 171 

Sigel,  wells  at 260 

Sigel  Tov^Tiahip  (Huron  County),  wells  in.. .      264 

Siloam,  wells  at 281 

Silt  and  sand,  clogging  by,  loss  of  head  due 

to 128 

Sil vorwood,  wells  at 154-156 

Simmons,  wolls  at 345 

SUxiim.  wator  supply  of 26 

Snoo vcr  field,  wells  in 256-257 

Soils,  buriod,  occurrence  of 8 

Solon,  wolls  at : 333 

S o  u  t  h  .\  rm ,  wcl  1 9  a t 8, 340 

Wjit+'S"  iiif  analysis  of 340 

South  Hortrdman,  wf?Uitat 313 

South  Uninrh,  wdinat 282 

South  Frankfort,  wo] I -^  at 331 

South  PcR'  Marquette  River,  drainage  of..       62 
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Speaker  Township  (Sanilac  County),  wells 

In. 253 

Spencer,  wells  at 313 

Springfield  Township  (Kalkaska  Countj), 

wells  in 312 

Spring  Lake  district,  topography  of 27, 30 

weUsof.i 30-40,42 

records  of 30, 40 

water  of,  analysis  of 30 

Spiingport,  springs  near 306 

wells  near 300 

Springvale,  wells  at 346 

Sprlngwater  Siding,  springs  near 343 

wells  at  and  near 343 

Spruce,  wells  at 300 

Standish,  waterworks  at 200 

wells  at 260,271,281 

Stanwood,  wells  at 70 

Star,  wells  at 348 

Stimson,  wells  at 70 

Stltt8\'ille,  wells  at ...    305 

Strainer,  clogging  of,  loss  of  head  due  to. .  128-130 

Stratford,  wells  at 305 

Streams.    See  Rivers, 

Stuigeon  Rlvor,  drainage  of 347 

Sullivan,  water  supply  of 26 

Sulphates,  presence  of 14 

Summit  City,  well.s  at 315 

Summit  Townsh  p  (Mason  C<>unty),  wells  of  80-81 

wells  In,  location  of,  map  showing 80 

water  of.  analysis  of 91 

Suttons  Bay,  wells  at 333 

Swan  Creek  area,  wells  In 197, 100 

Swartz  Creek,  wells  in 168 

Sylvanla  sandstone,  water  from 7 

T. 

Tallman,  wells  at 80. 82 

Tanks,  usk^  of 190 

Tanner,  wolls  at 295 

Tawas.  wolls  at 2(19. 270. 274-279 

wcU.s  at,  locution  of.  map  showing 275 

records  of 277 

wat4'r  of.  analyses  of 270 

Tomjwratums  of  water,  map  showing 17 

of  wator  and  air.  reconls  of 14-20 

Temple,  w(4ls  at 112 

Thompsonville.  waterworks  at 331 

wells  at 325, 3,n 

Thumb  Lake,  wells  at 340 

Thunder  Bay  River,  drainage  ot..  ;«)7.;i49.3.')0.3:>2 

water  from ."W) 

Tigris,  water  supply  of 02 

Tigris  distrifrt,  wells  of :\'>-rA\ 

wells  in,  location  of,  map  showing ."iO 

Tlttabawassce  River,  water  from 121 

wells  on 1 13. 11. 'i.  2.32 

Titus,  wells  at 79 

Toplnabce,  wells  at 'M\ 

Topography,  outline  of 4-4) 

See  also  indiridual  counties. 

Torch  Lake,  wells  near 313, 34.') 

Traverse  City,  wells  at  and  near: 10 

312. 31.').  319-324 

wells  at  and  near,  records  of 322, 323 

water  of,  analyses  of 321-322 


Trowbridge,  wella  at a 

Troy  district,  flowing  wells  in B 

Tubular  wedls,  description  of D 

utilization  of 01 

Turner,  flowing  weU  at,  view  of O 

wells  at.... SI 

Tuscola,  weUs  at l«^fil 

Tuaoola  County,  drift  waters  in..  136-lS,lfi-lt 

flowing  wells  in.. 12S,  130-112, 14HI 

rock  waters  in YSA$ 

rainfaUin I 

springs  in H 

surface  waters  in DMi 

topography  of 13»-135, 14M43.1*4a 

village  supplies  in U 

wells  in IU,WB 

records  of 144,147,148ylM 

water  of,  analysis  of 18 

diaracterof UHl 

temperature  of • 

Tustin,  wells  at • 

Twining,  wells  at in,1MH 

wells  at,  location  of,  map  showing S 

Twin  Lakes,  wells  on • 

Typhoid  fever,  occurrence  of ^ 

U. 

Ubly,  wellsat ■ 

Udden,  J.  A.,  work  of U 

Unionville,  wells  at  and  near 141-lftl# 

Upper  Marshall  sandstone,  map  sbowiog 

elevation  of ^ 

salt  in a,ffl 

water  in 258,a61,».» 

V. 

Valentine  Lake,  wellsat * 

Valley  Center,  wells  near ** 

Van  Buren  County,  rainfall  in ^ 

wells  of,  water  of,  temperature  of ^ 

Vanderbilt,  wells  near W?,8« 

Vassar,  wells  at  and  near 134. 146,1S-15I 

wells  at  and  near,  water  of,  analysis  of.    ^ 

Vaughn,  wellsat •• 

Vaughan,  V.  C,  work  of ' 

Vernon,  wells  in  and  near IW-I* 

\'emon  Township  (Isabella  County),  welli 

in 03,102,105.106,10^ 

well  In,  record  of ^ 

Verona    Township    (Shiawassee   County). 

wells  in WM« 

Verona  Township  (Huron  County),  wellB 

in a».» 

wells  in,  record  of ** 

Vienna,  wellsat 3«-3» 

Volney.  wells  at 74,^5 


W. 

Wadsworth,  wells  at 280 

Wagar.  water  supply  of ® 

Walkerville,  water  supply  of ® 

Walloon  Lake,  wells  on 343444 

Walton,  wellsat ^* 

Warn^n,  Lake,  location  of ^ 

Warren  Township  (Isabelle  County),  wells 

in « 
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4hip  (MldlAzid  County) »  wells 

245-246 

Townahip  (Qratiot  County) » 

fllsln 227 

ounty,  rainfall  in 10 

'ater  of,  temperature  of 16 

head  due  to 126-127,207-208 

lof 13,21-22,127,208 

disiwsalof 196 

^ound,  oocurrenoe  of 7-8 

e  of ,  map  showing 6 

14 

ires  of 14-20 

bowing 17 

;  formations,  distribution  of. .      7-8 

use  of 126 

Township   (Tuscola  County), 

'.Us  of 143,144 

statistics  of 23-24 

Is  at  and  near 7 

y,  rainfall  in 10 

7 

of ,  temperature  in 16 

t,  wells  of 56-37 

>cation  of,  map  showing 57 

of,  analysis  of 91 

•au,  United  States,  records  of.  10-11 

at 79 

yng  well,  water  of.  analysis  of .      318 

ellsat 311 

See  Points,  well. 

tlonof 12-13 

,  loss  of,  causes  of 126-132 

124-126 

^mperatureof 16 

rature  of ,  map  showing 17 

ply  from 24 

[dividual  counties. 

f ,  occurrence  of 364 

of 9.22 

23 

m  of,  explanation  of 122-123 

f 22 

22-23 

126-132 

J  of 8 

ires  of ,  map  showing 17 

22 

Q 13.21-22 

ply  from 24 

uUvidual  counties. 

currence  of 196, 294 

ip  (Tuscola  County) ,  wolls  in .     143, 
144-145 

J,  wells  at 3ti5, 3r>6-370 

y,  waterworks  of 120 


Hage. 

West  Branch  waterworks  at 282 

wells  at  and  near 281,282-288 

location  of ,  map  showing 283 

records  of 286,287 

Westwood.  wells  at 313 

Wexford,  wells  at 303 

Wexford  County,  rainfall  in 10 

topography  of 301 

village  supplies  in 303 

waterworks  in 302 

wells  in 301-303 

water  of,  analyses  of 303 

temperature  of 10 

Wheeler,  wells  at  and  near 231 

Whitecloud,  wells  at 75 

Whitehall,  waterworks  at 25-26 

weUsat 28-31,43-45 

record  of 28 

White  Lake,  water  from 25-20 

White  Lake  district,  topography  of 27 

wells  of 28-31,42 

White  River,  source  and  course  of 25, 27, 46, 62 

wells  on (A 

White  River  Township  (Muskegon  County) , 

wellsin 43 

Whlterock    Township     (Huron    County), 

wellsin 263 

Whittemore,  wells  at 281 

Whittlesey,  Lake,  location  of 6 

Wlckware,  wells  at 249 

Williamsburg  district,  sections  through. .  317.318 

wellsin 16,312,315-319 

location  of,  map  showing 316 

water  of,  analyses  of 318 

Williams  Township  ( Bay  County) ,  wells  in. .    115- 

116,118.119 

Wilmot,  wells  at 154 

Wilson,  wells  at 348 

WlndmUls,  use  of 13 

Winsor  Township  (Huron  County) ,  wells  in.     259, 

265-266 

wells  in.  record  of 265 

Wisconsin  stage,  drift  of 8 

Wise  Township  (Isabella  County) ,  wells  In. .      93, 

102.105 
W^isner  Township  (Tuscola  County),  deer 

licks  in 138 

wells  in 139 

Wolverine,  wells  nt 355 

Woodvillc,  wells  at 75 

Woo.stor,  wcIIh  at 74. 75 

Wurrol  Saginaw  Magnetic  Mineral  Spring. 

character  of 200-201 

waler  of,  analysis  of 201 

Y. 
Yuma,  wi'lls  at 303 
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'HE  UXDERFLOW  OF  THE  SOUTH  PLATTE  VALLEY. 


By  C.  S.  Slighter  and  H.  C.  Wolff. 


LOCATION  AND  PURPOSE  OF  THE  INVESTIGATIONS. 

Investigations  were  begun  in  the  middle  of  July,  1905,  in  that  part 
the  South  Platte  Valley  extending  from  Sterling,  Colo.,  to  North 
atte,  Nebr.  The  purpose  of  the  survey  was  to  determine  what 
sources,  if  any,  existed  in  the  imderflow  waters  of  the  valley  and 
lether  it  was  practicable  to  make  use  of  such  waters,  if  they  were 
and  to  exist  in  suitable  quantities,  for  purposes  of  irrigation. 
The  greater  part  of  the  work  was  carried  on  at  Ogalalla,  Nebr. 
lis  point  was  selected  for  several  reasons;  primarily  for  the  fact  that 
I  underflow  canal  on  the  south  side  of  the  river  at  this  place  has  bieen 

successful  operation  for  several  years  and  has  attracted  the  atten- 
3n  of  those  interested  in  irrigating  the  bottom  lands  of  the  valley. 

was  thought  that  valuable  information  might  be  obtained  from 
)servations  on  the  operation  of  this  canal,  concerning  not  only  the 
•acticability  of  recovering  ground  water  by  the  gravity  method,  but 
so  the  extent  of  the  deposits  of  water-bearing  gravels  and  the  ease 
ith  which  they  yield  water  under  small  heads.  Again,  while  the 
►nditions  found  existing  at  this  point  are  probably  not  in  all  respects 
T)ical  for  the  valley  in  western  Nebraska,  the  results  obtained  can 
5  applied  to  any  part  of  the  valley. 

In  the  eastern  part  of  Colorado  and  in  the  western  part  of  Nebraska 
te  South  Platte  Valley  ranges  from  6  to  8  miles  in  width.  Near 
^alalia  it  narrows  down  to  about  2  miles  and  holds  approximately 
is  width  to  Sutherland,  Nebr.,  a  distance  of  about  32  miles.  Below 
itherland  the  valleys  of  South  Platte  and  North  Platte  rivers  unite 
d  form  a  broad,  low  tract  of  land  west  of  the  city  of  North  Platte. 
Prom  Sterling,  Colo.,  to  Ogalalla  the  direction  of  the  South  Platte 
tlley  is  about  N.  80°  E.;  from  Ogalalla  to  North  Platte  the  direc- 
IX  is  almost  due  east. 

ti  western  Nebraska  the  river  has  cut  to  a  depth  of  150  to  300  feet 
the  Ogalalla  formation,  with  steep  bluffs  on  the  north  side,  but 
'h  more  gentle  slopes  risin":  to  the  rolling  uplands  on  the  south. 
B  Ogalalla  formation  is  a  deposit  of  sand,  gravel,  and  calcareous 
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grit,  from  which  the  river  sands  were,  for  the  most  part,  derived  by 
the  washing  out  of  the  fine  sand,  silt,  and  cementing  material. 

Lodgepole  Creek,  the  only  tributary  of  any  size,  joins  the  South 
Platte  from  the  west  near  the  Colorado-Nebraska  State  line.  ^This 
stream  has  cut  down  into  the  Brule  clay  and  is  fed  by  spring  water 
from  the  overlying  Ogalalla  formation.  At  places  the  surface  flow  is 
entirely  taken  out  for  purposes  of  irrigation. 

The  river  itself  occupies  a  sandy  stretch  from  1,500  to  2,500  feet  in 
width.  During  low  stages  the  river  flows  in  this  wide  bed  in  numer- 
ous interlocking  small  streams,  among  which  it  is  difficult  to  select 
the  j)rincipal  channel.  Much  of  the  bottom  land  near  the  river  is  low 
and  swampy.  These  low  bottoms  vary  greatly  in  width  at  different 
places,  and  at  points- where  the  wddth  is  considerable  they  leave  but  a 
small  area  of  land  suitable  for  irrigation.  Above  the  bottom  lands 
the  valley  slopes  gently  away  from  the  channel,  here  and  there  in  two 
or  three  distinct  levels,  but  at  many  places  in  a  gradual  rise  without 
noticeable  benches,  to  the  base  of  the  escarpment  that  borders  the 
uplands  on  either  side  of  the  river.  The  uplands  or  table-lands 
within  wiiich  the  river  hag  cut  its  valley  have  the  well-known  level 
topography  of  the  High  Plains  of  w^estem  Kansas  and  Nebraska. 

Numerous  irrigation  canals  have  been  taken  out  of  South  Platte 
River  at  various  points  in  Colorado  and  Nebraska.  As  a  rule  these 
canals  carry  water  to  the  bottom  lands  only.  At  no  place  between 
Sterling  and  North  Platte  has  it  been  practicable  to  construct  a  canal 
to  convey  water  to  the  uplands,  o>\4ng  to  their  elevation.  Where  the 
irrigation  systems  have  been  properly  constructed  and  maintained 
the  results  have  been  very  satisfactory,  except  during  the  middle 
and  end  of  the  irrigating  season,  when  the  farmers  complain  of  the 
shortage  of  water — a  complaint  frequently  heard  in  irrigation  districts. 
In  order  to  augment  the  low-stage  supply  of  w^ater  several  reservoirs 
have  been  constructed  in  the  South  Platte  Valley  in  Colo  ado. 

WATER-BEARING  GRAVELS. 

Inasmuch  as  irrigation  must  of  necessity  be  confined  to  the  bottom 
lands  of  th(»  valley,  it  is  especially  important  to  know  to  what  extent 
these  lands  can  l)e  irrigated  by  means  of  water  drawn  from  the 
underflow  of  the  river.  This  point  was  kept  w^ell  in  mind  during  the 
investigations. 

The  gradient  of  the  river  chaimel  along  this  portion  of  its  course 
averages  about  8  feet  to  the  mile.  The  alluvial  deposits  consist  of  a 
coarse  sand,  with  which  are  mixed  gravels  of  various  sizes  up  to  peb- 
])les  1  inch  in  diameter.  The  larger  pebbles  are  not  deposited  in 
separate  streaks,  but  are  scattered  through  and  mixed  with  the  coarse 
sand  of  the  river  deposits.  In  this  respect  the  sands  of  the  South 
Platte  differ  materially  from  the  sands  of  Arkansas  River  in  western 
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ansas,  in  which  the  larger  pebbles  are  usually  absent.  Moreover, 
e  South  Platte  sands  are  fairly  free  from  deposits  of  quicksand  and 
le  silt. 

The  presence  of  the  large  pebbles  in  the  coarse  sands  of  the  South 
atte  deposits  renders  this  material  an  excellent  water-bearing 
avel,  especially  well  adapted  for  the  construction  of  wells  of  large 
pacity.  By  the  use  of  proper  strainers  the  smaller  particles  can  be 
mov^  from  the  immediate  neighborhood  of  a  well,  so  that  the  water 
n  be  collected  through  the  coarser  material  that  is  left.  Gravel  of 
is  kind  was  foimd  wherever  sought  between  Sterling  and  North 
[atte,  and  it  is  beheved  that  there  is  no  considerable  area  in  this  part 
•  the  valley  which  is  not  underlain  with  similar  gravel. 

In  order  to  determine  the  amoimt  of  water  that  can  be  obtained 
cm  such  gravels  by  means  of  suitably  constructed  wells  and  pump- 
ig  machinery,  it  was  planned  to  test  wherever  practicable  the  capacity 
f  existing  wells  in  the  valley.  It  was  foimd,  however,  that  so  few 
umping  plants  had  been  constructed  that  it  was  not  possible  to  get 
jgether  a  very  large  amount  of  data  bearing  on  this  point;  but 
ach  tests  as  could  be  made  indicate  that  wells  of  high  capacity  can 
€  very  economically  constructed  and  that  no  difficulty  will  be 
zperienced  in  the  recovery  of  water  in  quantities  suitable  for 
■rigation. 

The  reconnaissance  work  indicated  that  there  is  very  little  differ- 
nce  in  the  water-bearing  gravel  between  Sterling,  Colo.,  and  Ogalalla, 
lebr.  The  valley  varies  considerably  in  width,  but  the  water-bearing 
oaterial  seems  to  be  fairly  uniform. 

From  fig.  1  (p.  10)  it  will  be  seen  that  the  rver  gravels  are  not  very 
leep  or  extensive  at  Ogalalla;  all  the  test  wells,  with  one  exception, 
^ere  driven  completely  through  the  deposit.  At  station  1,  200  feet 
outh  of  the  north  bank  of  the  river,  good  water-bearing  gravel  was 
ound  at  a  depth  of  85  feet,  where  driving  ceased.  The  average  depth 
»f  the  gravel  between  stations  9  and  4  was  found  to  be  al)out  40  feet. 
U  the  edges  of  the  valley,  beyond  the^e  stations,  the  gravels  probably 
tin  out  very  abruptly,  for  at  the  section  line  shown  at  the  right  of 
he  figure  and  in  the  bluffs  shown  at  the  left  appears  the  undisturbed 
onnation  within  which  the  valley  is  cut. 

Fine  material  was  encountered  in  but  a  single  instance,  about  200 
©et  south  of  the  south  bank  of  the  river.  Tliis  station  was  located  in 
^  portion  of  the  old  river  bed,  now  a  swamp  in  process  of  being  filled 
ip  by  decajdng  vegetation,  blowing  sand,  and  silt  deposited  by  the 
"iver  at  times  of  flood.  The  upper  25  feet  of  sand  within  the  river  bed 
5  very  much  cleaner  and  its  effective  size  probably  much  greater  than 
^hat  found  elsewhere  in  this  part  of  the  valley.  At  a  depth  of  about 
^5  feet  there  is  a  marked  change,  the  sands  below  containing  a  slightly 
^creased  proportion  of  smaller  grains,  together  with  a  very  small 
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amount  of  argillaceous  material.  The  line  of  separation  of  the  uppw 
from  the  lower  sands  is  about  on  a  level  with  the  lower  limit  of  ^ 
river  deposits  on  either  side  of  the  channel.  The  origin  of  the  two 
classes  of  deposits  probably  lies  in  part  in  the  fact  that  the  fine  mate- 
rial brought  in  by  the  lateral  component  of  the  underflow  works  its 
way  downward  to  the  deep  deposits  by  the  constant  subdivision  and 
mingling  of  the  water  as  it  flows  through  the  capillary  spaces  between 
the  sand  grains,  and  in  part  in  the  tendency  of  the  ground  water, 
which  flows  in  from  both  sides,  to  come  eventually  to  the  surface  and 
wash  out  and  carry  downstream  with  it  a  considerable  amount  of  fine 
material.  The  gravels  in  all  cases  where  test  wells  were  put  down 
have  a  sharply  defined  lower  Umit,  resting  upon  a  soft  formation  of 
sand  (usually  very  fine)  and  calcareous  grit.  In  places^  however,  the 
material  is  so  firmly  cemented  that  it  offered  considerable  resistance 
to  the  driving  of  the  test  wells.  This  imderljdng  material  is  practi- 
cally impervious,  as  in  only  a  few  cases  was  it  possible  to  draw  water 
from  it,  and  even  then  only  with  great  difficulty. 

CONDITIONS  AT  STERLING,  COLO. 

At  Sterling  the  valley  of  the  South  Platte  is  very  wide.  A  pump- 
ing plant  constructed  for  the  purpose  of  irrigation  is  located  on  the 
Johnson  ranch,  on  the  east  side  of  the  river.  The  dug  well  used  in 
connection  with  this  plant  was  so  poorly  sheeted  up  that  large  quan- 
tities of  sand  entered  the  pump,  making  the  test  unsatisfactoiy.  It 
will  be  very  easy,  at  small  expense,  to  so  modify  the  well  that  the 
sand  will  be  kept  away  from  the  pump,  after  which  there  will  be  no 
difficulty  about  obtaining  a  large  supply  of  water. 

In  the  vicinity  of  SterUng  the  water-bearing  gravels  extend  to  a 
depth  of  40  to  80  feet  below  the  surface,  and  there  is  unquestionablj 
an  ample  supply  of  water  for  a  large  number  of  moderate-sized  pump- 
ing plants.  It  is  believed  that  the  best  method  of  recovering  ihi 
ground  water  at  this  point  is  by  means  of  wells  and  pumping  machin- 
ery, either  owned  by  the  individual  farmers  or  operated  by  electricit} 
from  a  central  plant.  Considerable  interest  is  taken  at  the  present 
time  in  this  locality  in  the  growing  of  sugar  beets,  and  a  large  sugai 
factory  has  already  been  constructed.  It  may  be  practicable  to  di* 
tribute  power  from  this  factory  during  the  irrigation  season  to  < 
number  of  farmers  who  live  in  the  neighborhood,  for  the  purpose  o 
procuring  a  sufficient  supply  of  ground  water  for  the  irrigation  of  tb 
beet  and  other  crops  suitable  to  this  locality.  It  is  not  beUevc 
advisable  to  put  in  large  pumping  stations  designed  to  take  out 
large  amount  of  ground  water  at  any  one  place.  It  seems  evidei 
that  it  is  more  economical  to  restrict  the  amount  of  ground  wat 
taken  out  at  any  one  place  to  about  2,500  gallons  a  minute,  rath 
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tn  attempt  to  get  a  greater  supply.  A  number  of  moderate-sized 
bnts  wiU  be  found  to  be  much  more  economical  and  satisfactory 
the  long  run  than  a  few  large  plants. 

INVESTIGATIONS  AT  OOALALLA,  NEBR. 
VELOCITY   AND   DIIIECTIOX    OF   THE    UNDERFLOW. 

At  (^alalia  a  series  of  test  wells  was  sunk  in  a  nearly  north  and 
uth  line  across  the  valley  and  careful  determinations  were  made  of 
e  extent  and  quality  of  the  water-bearing  material  and  of  the 
tual  rate  of  movement  of  the  underflow. 

The  rate  of  movement  of  the  ground  water  was  determined  by  the 
metrical  method."  The  investigation  showed  that  there  is  a  true 
iderflow  at  this  point,  the  ground  waters  moving  downstream  with 
velocity  varying  from  2.3  to  13.6  feet  per  twenty-four  hours.  The 
rerage  velocity  of  eight  determinations  was  found  to  be  6.4  feet  per 
^enty-four  hours,  with  an  average  direction  of  about  N.  88®  E.  Fig. 
gives  a  cross  section  of  the  valley,  looking  downstream,  showing  the 
cation  of  the  test  wells,  the  extent  of  the  alluvial  deposits,  and  the 
Dsition  of  the  water  plane.  The  numbers  within  the  circles  give 
le  velocity  of  the  underflow  in  feet  per  twenty-four  hours  at  the 
arious  stations  for  a  depth  corresponding  to  the  position  of  the 
umbers.  These  velocities  are  also  given  in  Table  I.  With  the 
Kception  of  the  three  highest  velocities  (13.6  and  12  feet  per  twenty- 
)ur  hours,  found  near  the  surface  of  the  river  channel,  and  9.2  feet 
er  twenty-four  hours,  found  at  station  9)  the  rate  was  very  uni- 
)nn,  ranging  from  2.3  to  4.4  feet  per  day.  The  water-bearing 
Pavels  of  this  section  may  be  classified  with  reference  to  velocities 
f  underflow  into  four  distinct  portions — the  portion  north  of  the 
ver,  within  which  the  mean  of  the  velocities  was  6.8  feet  per  day; 
le  portion  south  of  the  river,  wdthin  which  the  mean  of  the  two 
docity  determinations  gave  3.55  feet  per  day;  the  portion  within 
e  river  channel  down  to  a  depth  of  25  feet,  mthin  which  two  tests 
&re  made  giving  the  two  liighest  velocities;  and  the  portion  within 
e  river  channel  below  the  25-foot  line,  within  which  the  remaining 
i^o  of  the  eight  velocity  determinations  gave  a  mean  flow  of  but 
55  feet  per  day.  From  Table  I  it  will  be  seen  that  the  two  veloci- 
^s  found  within  each  section  are  nearly  equal,  but  differ  ver^^  much 
^m  velocities  found  in  other  sections.  The  lowest  velocity  was 
Und  at  station  1,  85  feet  below  the  river  bed,  the  deepest  point  at 
hich  a  velocity  test  was  made.  The  liigh  velocities  at  the  shallow 
ipths  within  the  river  channel  may  be  (hie  to  the  fact  that  the  sand 
the  upper  25  feet  is  exceediui^ly  clean  and  contains  practically 
)  very  fine  material. 

a  Water-Sup.  and  Irr.  Paper  No.  110,  U.  S.  Geol.  Sun'oy,  1905,  pp.  17-31. 
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QUARTER  SeCr/OAf  UNE 


U  PR.R 
Station  10 

SECTION  LiNe 


\  ^  Station    16 
"^  Station    2 


^  Siatton    /S 

^  Stat/On    14- 

Station    3 


-^  Ho"irQ^\/^orth  ur>derfk)i¥  ditch 
QUARTER  SECTION  UNL 


Station  4 


?' 


•^  ^  ^  s 


Fig.  1.— Cross  section  of  the  South  Platte  Valley  at  Ogalalla,  Ncbr.  The  numbers  inclosed  In  circk 
give  the  velocity  of  ground  water  in  feet  per  twenty-four  hours;  tlic  numbers  not  inclosed  indicate  th 
total  amount  of  dissolved  solids  in  the  water,  in  parts  i)er  million,  at  the  points  where  the  figum  ai 
l)laccd. 
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Table  I. — Vdoeity  of  ground  vxiter  at  OgalaUa,  Nebr. 


Date. 


No.  of 
sta- 
tion. 


Vdoc- 
hours. 


1905. 

tgost  16 

■inist  17 

wjsont  1 

Do I 

^gnst6.. 
agastu. 
xgiut  15. 
asiut5.. 


I 


•9 
10 
I 
2 
1 
1 
3 
4 


MeaD 
veloe- 
ityjer 

hours. 


Feet. 
9.2 

13.6  ' 
12.0  i 
2.8' 

2.6 

3.7 
3.4 


Feet. 
6.8 

12.8 


3.55 


Avf>ragp 


6.4 


Dirpc- 
tioo  of 

flow    !  Depth, 
(east  of 
north).] 


Location. 


1,600  feet  north  of  north  bank  of  nver. 
550  fert  north  of  north  bank  of  river. 
In  river  channel,  200  feet  from  north  bank. 
In  river  channel,  900  feet  from  north  bank. 
In  river  channel,  200  feet  from  north  bank. 

Do. 
100  feet  south  of  south  bank  of  river. 
1,400  feet  south  of  south  bank  of  river. 


The  direction  of  flow  for  all  tests  made  within  the  present  river 
bannel  was  found  to  be  downstream.  At  this  point  the  river  flows 
ightly  north  of  east.  At  station  10,  located  550  feet  north  of  the 
orth  bank  of  the  river,  the  direction  of  flow  was  S.  80°  E.,  giving  a 
omponent  flow  toward  the  river  at  this  point  of  0.76  foot  per  twenty- 
3ur  hours;  at  station  9,  located  1,600  feet  north  of  the  north  bank 
f  the  river,  the  direction  of  flow  was  S.  68°  E.,  giving  a  component 
low  toward  the  river  of  3.2  feet  per  day,  and  at  station  4,  located  1,400 
Bet  south  of  the  south  bank  of  the  river,  the  component  flow  toward 
lie  river  was  at  the  rate  of  2  feet  per  twenty-four  hours.  At  sta- 
ion  3  the  flow  was  away  from  the  river,  probably  owing  to  local 
leposits  of  fine  sand  and  silt,  since  this  station  was  located  in  a  por- 
tion of  the  old  river  bed.  It  will  be  seen  from  these  results  that, 
it  least  during  low  stages  of  the  river,  the  ground  waters  contribute 
^ery  largely  to  the  surface  flow.  A  line  of  levels  run  across  the  val- 
ley at  this  point  gave  the  same  indications,  for  it  was  found  that 
the  water  plane  sloped  toward  the  river  channel  from  both  the  north 
Mid  south  sides. 

During  the  summer  months  of  1905  the  South  Platte  was  at  no 
time  perfectly  dry  at  Ogalalla.  There  were  several  small  channels 
within  the  river  bed,  some  carrying  as  much  as  several  hundred 
second-feet  of  perfectly  clear  water.  These  interlocking  small  chan- 
nels of  the  river  are  cut  down  2,  3,  and  even  4  or  5  feet  below  the 
general  river  bottom,  and  are  fed  for  the  most  part  by  still  smaller 
channels.  These  smaller  rills  when  traced  upstream  gradually  dis- 
appear, and  they  can  be  observed  to  originate  in  ground  water  com- 
^  to  the  surface  from  the  underflow.  It  is  claimed  by  the  older 
residents  of  this  vicinity  that  these  smaller  channels  did  not  exist 
^thin  the  river  in  former  years,  but  that  its  bed  was  a  flat,  sandy 
stretch  from  bank  to  bank.  The  river  has  a  large  number  of  islands 
hroughout  its  course  through  the  western  part  of  Nebraska,  on 
•^hicli  are  growing  not  only  grasses  and  willows,  but  even  small  cot- 
^^Wood  trees.  In  time  of  flood  these  islands  deflect  the  current, 
musing  more  scour  in  one  part  of  the  river  than  in  another,  hence 
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numerous  small  chamiels  are  found  cut  down  in  the  river  bed  ivbal 
the  water  lowers.  Now  that  these  islands  are  formed,  the  smalkrl 
living  streams  will  continue  to  exist  within  the  river  itself  unkaj 
the  water  plane  falls  much  lower  than  it  is  at  present. 

QUANTrrY   OF   THE    UNDERFLOW. 

The  maximum  amount  of  underflow  waters  passing  through  tbe 
gravels  in  the  valley  of  the  South  Platte  at  Ogalalla  can  be  readily 
estimated.  The  cross  section  at  this  point  is  about  the  smallest 
that  is  found  between  North  Platte  and  Sterling,  but  the  slope  of 
the  water  plane  is  greater  than  the  average  throughout  the  valley. 
The  total  cross  section  of  gravels  capable  of  transmitting  water  is 
less  than  330,000  square  feet.  The  average  velocity  of  the  ground 
water  in  this  material  does  not  exceed  7  feet  per  twenty-four  houre. 
From  this  it  can  be  readily  concluded  that  the  total  amount  of 
ground  water  passing  between  the  river  bluffs  at  Ogalalla  does  not 
exceed  10  second-feet. 

Wliile  this  amount  of  water  is  not  lai^e,  it  nevertheless  indicates 
that  a  considerable  quantity  of  ground  water  can  be  safely  removed  ^ 
from  these  underflow  gravels,  because  the  supply  is  renewed  at  fre- 
quent intervals  by  floods  in  the  river  and  by  the  rainfall  upon  adja- 
cent lands.  Any  extended  use  of  the  ground  waters  of  the  valley 
by  means  of  pumps  and  wells  would  tend  to  lower  the  water  plane, 
but  this  in  turn  .would  decrease  materially  the  enormous  amount  of 
water  that  now  goes  to  waste  in  the  surface  flow  of  the  river  and 
in  the  evaporation  from  the  sands  and  soils  in  the  wide  river  bed 
and  the  adjacent  low  bottom  lands.  This  evaporation  undoubtedly 
reaches  12  inches  per  month  during  July  and  August  of  an  average 
year. 

CHEMICAL   ANALYSES    OF    WATER. 

A  few  simple  chemical  tests  were  made  of  the  water  drawn  from 
nearly  all  the  test  wells  sunk  in  the  valley  and  from  existing  wells    ' 
wherever  it  was  thought  that  such  analysis  would  throw  light  on  the 
origin  or  movement  of  the  ground  waters. 

Portable  field  apparatus  was  at  hand  for  the  determination  of  chlorine, 
alkalinity,  and  hardness  by  titration,  respectively,  with  N/10  AgNOs, 
N/10  HCl,  and  standard  soap  solution.  The  total  solids  in  solution 
were  determined  by  means  of  the  Whitney  electrolytic  bridge. 

In  fig.  1  (p.  10)  the  numbers  not  inclosed  within  circles  represent  tb© 
total  solids  in  solution,  expressed  in  parts  per  milUon,  at  the  points 
corresponding  to  the  position  of  the  numbers  in  the  drawing.     Th^ 
surface  water  of  the  river  contains  about  100  parts  per  million  mot® 
dissolved  solids  thah  the  average  water  taken  from  the  river  gravel^ 
on  the  two  sides  of  the  channel.     The  strongest  waters  are,  howeve^; 
found  in  that  portion  of  the  river  bed  at  and  below  the  25-foot  lev^l 
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the  slowest  movements  of  the  ground  waters  occur.  The  total 
in  solution  in  this  part  of  the  bed  average  880  parts  per  miUion 
le  chlorine  content  is  higher  than  at  any  other  place  in  the  valley, 
rerage  being  36.9  parts  per  milUon.  Both  total  soUds  and  chlo- 
acrease  slightly  with  depth  within  the  zone  of  surface  gravels, 
5  soon  as  the  deposit  of  river  gravels  is  completely  penetrated  a 
n  change  takes  place  in  the  quality  of  the  water.  These  deeper 
s  are  much  softer  than  those  in  the  river  sands  above  them. 
Ferring  to  the  analyses.  Table  II,  and  the  cross  section,  fig.  1,  it 
e  observed  that  the  waters  below  the  sand  contain  from  220  to 
arts  per  milUon  of  total  soUds.  The  one  exception  is  a  well  in 
•wn  of  Ogalalla,  which  draws  water  from  the  deposits  just  below 
irface  gravels. 

5  tests  of  water  from  the  deposits  below  the  river  sands  run  very 
•m  with  tests  of  water  from  wells  on  the  uplands  both  north 
)uth  of  the  river.  These  waters  are  uniformly  very  much  better 
ihe  upper  "sheet  water'*  of  the  valley. 

Table  II. — Analyses  of  SoiUh  Phtte  VaUey  waters. 
NEAR  STERLING.  COLO. 


Alka- 

Uanl- 

tc. 

Chlo- 
rine 
(parte 

linity, 

as 
CaCO. 

nees, 

as 
CaCOa 

Totel 
solids 
(parts 

Tem- 
pera- 
ture 
(°F.). 

Depth 

(feet). 

Location. 

per  mil- 

(parte 

(parte 

per  mil- 

Uon). 

per  mil- 

permU« 

Uon). 

Uon). 

Uon). 

1 

6. 

Tmce. 

172.5 

213 

240 

1 

31 

Dr.  Johnson's  well  In  sand  hills  south 
of  Sterling. 

3 

182.5 

208 

310 



17 

Dr.  Johnson's  well  in  valley  south  of 

"■" 

Sterling. 

42.6 

172 

386 

730 



River  water,  Sterling. 

7.1 

126.5 

N] 
161 

EAR  OC 

220 

JALALI 

>A,  NEl 

3R. 

5. 

2 

39 

North  Platte  River  water,  north  of 

Ogalalla. 
One-fourth    mile    south    of    North 

10.6 

239 

1>23 

m) 

(?) 

Platte   River,   directly   north   of 
Ogalalla. 
Well  \\  mile  north  of  South  Platte 

7.1 

194 

IW 

'2{H) 

62. 2 

(?) 

Rivo'r. 

14.9 

209 

272 

.360 

6S.  5 

24 

Well  at  court-house,  Ogalalla. 

12.4 

185 

2.V) 

290 

2.5 

Nelson's  well  on  Main  street,  Oga- 
lalla. 

18 

29.1 

0  387.5 

182 

400 

64 

.■rf> 

Station  9. 

28 

197.5 

281 

6<X) 

40 

Well  at  Martin  Hotel. 

14.2 

154 

367 

370 

k 

Tnion  Pacific  Railroad  well,Ogalalla. 

28 

145 

32.5 

6.% 

75. 5 

River  water,  north  side. 

# 

38.:: 

137 

m 

900 

57 

.v. 

Station  1. 

35.5 

175 

381 

830 

66.5 

22 

Do. 

10 

36.9 

140 

.V^ 

92«) 

.58 

8.5 

Do. 

1 

27.7 

136 

324 

750 

66 

16 

Station  2. 

21 

12.4 

156.5 

2a) 

22() 

")9 

44 

Station  3. 

3 

31.9 

151. 5 

312 

640 

61 

17 

Do. 

26.3 

191 

3r>o 

640 

60 

16 

Station  4. 

14 

10.6 

169 

99 

2.'>(i 

60 

:i.5 

Do. 

8.9 

164 

104 

200 

m 

Well  on  section  line  one-half  mile 
south  of  bridge  at  Ogalalla. 

20 

9.2 

16.^ 

110 

2.30 

2(X) 

Southeast  comer  of  NK.  }  sec.  14, 
T.  12N.,  R.  39  W. 

as.  4 

irj<) 

■MV\ 

720 

09.  S 

Hollingsworth's   seepage  ditch,   at 
bridge. 

aJIlgh  alkalinity  due  to  calcareous  AQiiVmQXi\», 
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Table  II.— Analyses  of8<ndh  PlaUs  VaBey  waters— CaatinaaL 
IN  SAND  HILLS  NORTH  OF  PAXTON,  NEBR. 


Date. 


Chlo- 
rine 
(parts 
per  mil- 
lion). 


Alka-  Hard-  ; 
Unity, !  neas  I  Total  »,^ 
an  ,  afl  ;  soHda  !  I^' 
CaCC'CaCO,  (parta  |  ??,™" 
(parts  (parts  per  mil-;  /o  vX 
per  mil- per  mil-,  lion).  \^  -'• 
Uon).  I  lion). 


Depth 
(feet). 


Loeatioa. 


r 


1905. 
August  31 . 


None. 


I 


I 


Do 

Do 

,....do.l 

'....do.| 

1 

19()5. 
8epteml)or  il.. 

3 

Do 

3 

Do 

September  7 . . . 

Do 

Do... 

11.3  1 
46.8  . 
74.6 
4.6  ' 

Do 

8.6  i 

91.  r> 

91.5 
69 


58  I 

eoj 

40 


70  1 


193 


In  valley  of  West  Birdwood  CnA, 
7  miles  below  Big  Sprins. 

Big  Spring,  at  heed  of  W«t  Bird- 
wood  Creek. 

2i  miles  north  of  Big  Spring. 


AT  NORTH  PLATTE,  NEBR. 


70.  ."i  j 

75.5  I 

139.5 
192.5  ! 
162.5 
178 

176.5 


158 
316 
282 
142 

I 
186  I 


60  ; 

100  ' 
I 
300 
600 
820 
210 

280  ' 


140 
80 


230 


Near  center  of  W.  }  sec.  30.  T.  15  N\ 

R.29W. 
Southeast  comer  of  S  W. },  mc.  U,  T. 

14  N.,  R.  30  W. 
North  Platte  River  water. 
City  waterworks  well. 
Near  center  of  sec.  4,T.  13  N..  R.90W 
Near  center  of  sec.  22,  T.  13  K..  R.» 

W. 
NW  i  SW  1  sec.  4,  T.  13  N..  R.30W. 


The  facts  brought  out  by  these  analyses  show  that  the  ground 
waters  on  either  side  of  the  valley  are  not  derived  from  the  underflow 
of  the  river  and  that  the  popular  belief  that  the  ground  waters  of  the 
South  Platte  seep  through  the  narrow  divide  into  the  North  Platte  is  ' 
entirely  erroneous.  The  only  reason  for  such  belief  seems  to  be  the 
fact  that  the  North  Platte,  at  a  distance  of  only  7  miles,  is  about  60 
feet  lower  than  the  bed  of  the  South  Platte,  and  that  it  carries  water 
for  a  longer  period  during  the  summer  months. 

Two  samples  of  water  from  North  Platte  River  were  analyzed— one 
taken  at  the  bridge  dire<*tly  north  of  Ogalalla  August  2,  1906,  when 
there  was  considerable  water  flowing  in  the  river,  only  a  few  points  of 
the  river  bottom  near  the  north  bank  being  above  water;  the  other 
taken  at  the  bridp^e  at  North  Platte  September  11,  1905,  when  th« 
river  had  fallen  considerably,  the  water  covering  not  more  than  one- 
third  of  the  river  bed.     The  total  solids  in  solution  in  these  two  sam- 
ples were  220  and  300  parts  per  million,  respectively,  as  compared 
with  650  parts  per  million  for  the  water  from  South  Platte  River. 
This  difference  of  composition  may  in  part  be  due  to  the  fact  that  the 
North  Platte  is  fed  to  some  extent  by  soft  water  coming  from  the  saP^ 
hills  north  of  the  river.     From  the  analyses  in  Table  II  it  will  besec*^ 
that  all  samples  of  water  coming  from  these  sand  hills  are  very  soft,  tb< 
total  solids  in  solution  ranging  from  only  60  to  100  parts  per  millioli 
The  softness  of  this  water  is  due  directly  to  the  character  of  the  soil  ^ 
the  catchment  area,  which  is  nearly  pure  quartz  sand  that  inuned^ 
ately  absorbs  the  rainfall  and  that  contains  little  soluble  matter  to  1? 
taken  up. 
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rhe  sand-hill  area  in  western  Nebraska  consists  of  dunes  ranging 
m  a  few  feet  to  several  hundred  feet  in  height,  between  which  are 
[leys  and  depressions  from  a  few  acres  to  several  sections  in  extent. 
is  area  has  no  run-off,  and  of  the  17  inches  of  annual  precipitation 
e  greater  part  enters  the  sand  and  raises  the  water  plane  much  above 
e  level  of  North  Platte  River.  This  water  under  head  seeps  out 
)in  the  sand  hills  and  enters  the  river,  giving  rise  in  places  to  creeks 
considerable  size,  the  largest  of  which  are  Blue  Creek  in  Deuel 
rnnty  and  Birdwood  Creek  in  Lincoln  County. 

UNDERFLOW   DrTCH    AT   OGALALLA. 

One  of  the  interesting  developments  in  the  South  Platte  Valley  is 
underflow  ditch  on  the  south  side  of  the  river  at  Ogalalla,  owned 
Dr.  A.  Hollingsworth.  This  canal  was  constructed  in  1895  and 
8  been  in  use  ever  since.  It  extends  along  the  south  bank  of  the 
^er  bed,  is  about  12  feet  wide  at  the  bottom  and  about  6,500  feet 
ig,  and  reaches  a  total  depth  in  its  upper  portion  of  5  feet  below 
e  bed  of  the  river.  A  map  of  this  ditch  is  given  in  the  lower  part  of 
;.  2  (p.  17) ;  in  the  upper  part  are  represented  in  profile  the  bottom  of 
e  ditch  and  the  river  bed.  The  profile  of  the  river  bottom  was 
ade  from  elevations  of  the  surface  of  the  water  in  the  river,  deter- 
ined  August  13,  1905.  The  river  at  this  time  was  nearly  dry,  the 
ater  flowing  in  only  a  few  small  channels,  as  described  above.  The 
le  of  levels  nm  on  this  day,  from  the  section  line  shown  at  the  left 
the  figure  to  the  section  line  2  miles  below,  gave  a  drop  of  16.7  feet 
the  river  water,  or  a  slope  at  this  point  of  8.35  feet  to  the  mile, 
be  distance  from  the  head  of  the  ditch  to  the  line  of  test  wells,  as 
town  in  the  figure,  is  800  feet;  below  this,  the  distance  between 
)ints  shown  by  consecutive  dotted  lines  is  1,000  feet  measured  along 
16  line  of  the  ditch.  For  the  first  1,000  feet  above  (west  of)  weir 
0. 1,  the  bottom  of  the  ditch  is  about  on  a  level  with  the  bottom  of 
le  river.  For  the  next  4,000  feet  (west)  its  grade  drops  to  3.8  feet 
Jr  mile;  and  from  thence  to  its  head  it  again  has  approximately  the 
*ade  of  the  river.  From  its  head  to  within  about  1,000  feet  of  the 
idge  the  ditch  is  cut  in  sand,  and  thence  down  to  the  point  where  it  is 
uried  up  above  the  water  plane  it  passes  through  a  kind  of  clay 
am,  through  which  there  must  be  considerable  seepage  before  the, 
ater  reaches  the  point  of  application.  On  account  of  an  unusually 
nple  rainfall  during  the  summer  of  1 905  the  water  recovered  by  the 
tch  was  not  used  for  irrigation,  but  was  permitted  to  run  back  into 
te  river,  so  that  no  opportunity  was  offered  for  measuring  the  loss 
om  the  lower  part  of  its  course. 

The  flow  of  the  canal  is  obstructed  by  rank  vegetation  growing 
ithin  it.  A  large  amount  of  seepage  was  observed  to  enter  from  the 
Utb  margin  of  the  canal. 
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Table  III. — Flow  of  water  in  HoUingmoorih  diUh. 


Date 


11K». 

August  6 

4p.  m 

August? 

Sp.  m 

August  9 

lla.m 

August  10 

August  11 

August  12 

August  13 

12  m 

12  m 

12  m . . . 

8a.  m 

August  14 

August  15 

12  m 

8  a.  ra 

Do 

9.30  a.  m 

Do 

12  m 

Do 

4  p.  m 

Do 

6p.m 

8.30  a.m 

August  16 

Do .-. 

10  a.  m 

Do 

12  m 

Do 

2.30  p.  m 

Do 

7p.  m 

August  17 

8  a.  m 

Do 

12  m 

Do 

2.30  p.  m 

Do 

4p.  m 

5.30  p.  m 

Do 

Augiist  IS 

8.30  a.m 

Do 

10.45  a.  m. . . . 

Do 

4.45  p.  m 

August  19 

8a.  m 

Do 

3.30  p.  m 

August  20 

8.30  a.m 

Do 

11  a.m 

Do 

3  p  m 

Do 

8p.  m 

August  21 

8u.m 

Do 

9.30  a.m 

Do 

12m 

Do 

3.30  p.  m 

Do 

4.15  p.  m 

Do 

7p.  m 

Flow 

Flow 

over 

over 

weir 

weir 

No.  1. 

No.  2. 

I 


Sec.-ft. 
3.77 
2.83 
3.06 
3.03 
2.67 
3.39 
3.36 

3.12 
3.36 
3.34 
2.97 


Sec.-ft. 


2.28 
2.86 
2.82 


!  Eleva- 

Uon  of 

water 

xj.,^„    in  river 

No",    a^™ 


Sec.-ft. 


level.) 


Feet, 
1.20 


Remarks. 


2.22 
2.13 


I 


3. 16  j      2. 11 


2.16 


1.05  I 
84  , 


.77 
.70 
.70 
.67 


3. 


3.14 


2.12 


2.94 


2.03 


.64 
.60 
.60 
.58 
.55 
.53 
.53 
.50 
.50 
.50 
.50 
.50 
.48 
.47 


Weir  No.  1  put  In  ditch. 
Weirs  No8.^  and  3  put  In  diC= 


Heavy  rain  night  of  Augost  K 
August  12  very  cloudy,  wL 
snowers. 


Weir  No.  2  removed  from  ditch  ^ 
19,  3.30  p.  m.,  lowering  the 
back  of  It  1.33  feet. 


The  discharge  from  this  ditch,  measured  with  a  current  i 
August  5,  1905,  was  found  to  be  3.78  second-feet.  Later  three 
were  placed  at  different  points  in  the  ditch  and  continuous  re 
were  kept  for  several  days.  These  measurements  are  given  in' 
III  and  are  represented  grapliicallyin  fig.  3  (p.  18) .  Weir  No.  1  wf 
in  at  the  bridge,  near  the  mouth  of  the  ditch  (see  fig.  2),  August  6, 
The  discharge  from  the  ditch  measured  over  the  weir  August  ( 
found  to  bo  3.77  second-feet,  checking  the  measurement  mad 
previous  day  with  the  current  meter.  Weirs  Nos.  2  and  3  were  ] 
place,  at  locations  shown  on  fig.  2,  August  7,  1905,  after  whic 
discharge  over  weir  No.  1  fell  from  3.77  to  2.83  second-feet  at  a  < 
sponding  hour  of  the  day.  This  diminution  of  0.9  second-foo 
due  to  the  backing  up  of  the  water  behind  the  two  additional 
thus  decreasing  the  effective  head  which  forces  the  water  int 
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«     .  ^-v  .  BRIDGE 

Ditch  to  ranch'^  ^Wastc  0*ite  to  river 


2.'-ICap  of  HolUngsworth  uu'lorflow  ditch,  Ogalalla.  Nebr.  The  lower  portion  of  the  diagram 
•ir0  the  location  of  the  ditch  with  reference  to  tlic  south  bunk  of  the  river;  the  upper  portion  shows 
elevation  of  the  bottom  of  the  ditch  und  of  the  nmning  water  In  the  river  August  13, 1905.  The 
ition  of  wein  placed  in  the  canul  for  the  purpose  of  measuring  the  llow  is  shown  on  the  map;  also 
location  of  a  line  of  test  wells  put  down  to  determine  the  elevation  of  the  water  plane  near  the 
li. 

IBR  184-06 2 
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ditch.     Weir  No.  2  was  removed  August  19,  1905,  and  the  dis( 

over  weir  No.  1  rose  from  2.67  second-feet  at  3.30  p.  m.  to  3.27  se 

feet  at  3  p.  m.  August  20 — i 
the  former  amount,  notwiths 
ing  the  facts  that  weir  No. 
still  in  place  and  that  the  riv< 
gone  down  0.8  foot.  The  rei 
of  weir  No.  2  lowered  the  si 
of  the  water  immediately  hi 
it  1.33  feet. 

It  was  found  that  the  disc 
from  the  ditch  changed  ap 
ably  with  a  slight  change  c 
vation  of  the  river  water, 
example,  from  8  a.  m.  Aiigt 
to  8.30  a.  m.  August  18  the 
fell  0.2  foot,  the  discharge 
weir  No.  1  fell  0.3  second-foot 
weir  No.  2,  0.2  second-foot 
over  weir  No.  3,  0.13  second 
From  these  data  the  s] 
capacity  of  the  gravels  in  th 
tom  of  the  ditch  was  found 
between  0.01  and  0.02  gallo 
minute  per  square  foot  of  ] 
lating  surface  under  a  heac 
foot,  a  value  much  less  tha 
expected.  This  result  may  b 
tially  explained  by  the  fact 
no  work  had  been  done  o 
ditch  since  the  previous  irrij 
season.  In  consequence  a 
growth  of  vegetation  sprai 
not  only  along  the  banks  bi 
out  into  the  water  and  at 
extended  from  bank  to 
There  was  also  a  tightly  att 
covering  of  moss  or  algae  ov 
entire  bottom  of  the  ditch. 

The  above  results,  while  si 

ing   little    concerning    the  i 

~^s9j-^03»s  1»^  i "        bearing   qualities    of    the   g 

show  that  a  very  Uttle  exti 

penditure  of  work  on  the  ditch  would  greatly  increase  its  yield. 

tor  Holhngsworth  says  that  loosening  the  moss  from  the  bott 
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ditch  by  dragging  a  log  through  it  with  a  team  of  horses  increases 
discharge  at  least  50  per  cent. 


i— DlAgiam  ihowlng  discharge  of  HoUingsworth  UDderflow  ditch  from  8  a.  m.  August  ao  to  3  p.  m. 
igust  21,  1905,  made  from  autographic  record  of  a  self-recording  water  register  placed  above  the 
in.   The  diagram  shows  the  decreased  flow  from  the  ditch  during  the  midday  hours. 

t  was  further  determined,  from  the  measurements  obtained,  that 
flow  from  the  ditch  fell  off  greatly  during  the  middle  of  t^j3a^ 
r  remained  nearly  constant  from  the  late  afternoon  until  the  ^ 
ming  hours  of  the  next  day. 
3  flow  at  midday  was  about 
per  cent  less  than  the  flow 
ing  the  night.  The  cause 
his  fluctuation  was  inves- 
ited,  and  the  conclusion  was 
ched  that  the  decrease  was 

primarily  due  to  evapora- 
1  from  the  water  surface 
I  the  gravels  near  the  ditch, 

mainly  to  the  enormous 

of  water  by  vegetation 
wing  in  and  along  its  banks, 
automatic  gage  was  put  in 

ditch  a  few  feet  abovo 
r  No.  1,  from  which  a  coii- 
lous  record  of  the  discharge 
r  this  weir  could  bo  coin- 
ed. The  results  of  thc^se 
^graphic  records  are  trivcMi 
igs.  4,  5,  and  6,  to<rothci' 
1  the  change  in  tiMiipcra- 
)  of  the  air  and  of  the  water  in  the  ditch. 
Ji  estimate  of  the  eva[)oration  from  the  surface  of  the  water  in  the 


89  10 11  12  »   23456789 
AM.  M  o" 

Fi<;. .").- Diagram  showing  discluirgc  of  lloUingsworth 
iimlcrflow  ditch  jin<l  the  toiiii)orature  of  the  wator 
and  tho  air  August  21.  VM'^.  Tliis  diagram  shows  the 
dr\Toased  flow  in  the  mi<ldle  of  the  day. 
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canal  can  readily  be  made.  The  length  of  the  canal  is  6,500  feet  and 
its  average  width  is  12  feet,  making  the  area  of  surface  78,000  squaie 
feet.  Evaporation  experiments  were  conducted  by  the  writer  during 
the  summer  of  1905  at  Deerfield,  Kans.,  200  miles  south  of  OgalaDi, 
the  conditions  being  essentially  the  same  at  the  two  points.  The 
results  are  given  in  Table  IV: 

Table  IV'- — Evaporation  in  inches  of  water  at  Deerfield,  Kans.,  from  Avgwst  6  to  Sepm- 

Ur  3, 1906. 


For  28     ATeofi 
dAjs.    I  forldij. 

Open  watsr 10. 90  i  ••» 

Cultivated  soil,  1  foot  to  water 4.88  H 

Uncultivated  soil,  1  foot  to  water '  5.83  .11 

Uncultivated  soil,  2  feet  to  water 2.23  .* 

Uncultivated  soil,  3  feet  to  water j  .80  i  .0* 


Fig.  6.— Diagram  showing  discharge  of  Ilollingsworth  underflow  ditch  and  the  temperature  d  ^ 
water  and  the  air  August  27  and  2S,  linx'i.  The  discharge  over  the  weir  was  measured  by  an  »u^ 
matic  recording  water  register.  The  curve  shows  the  sharp  drop  in  the  diachaxige  in  the iniddl«<^ 
the  day  and  the  nearly  uniform  discharge  during  the  night. 

The  resuh  from  open  water  is  equivalent  to  an  average  evaporation 
of  0.0325  foot  i)er  day,  or  a  total  average  evaporation  of  2,536  cubic 
feet  of  water  per  day  from  the  surface  of  the  water  in  the  underflow 
canal.     If  it  be  assumed  that  this  loss  took  place  during  eight  hours 
of  midday,  it  should  have  shown  itself  by  a  falling  off  in  the  discharge 
from  the  underflow  canal  of  0.084  second-foot.     The  actual  observed 
loss   amounted    to   0.3   second-foot.     Thus   direct   evaporation  can 
account  for  barely  23  per  cent  of  the  observed  loss.     The  evaporation 
from  the  w^et  banks  of  the  canal  may  possibly  have  increased  the  loss 
to  the  equivalent  of  0.1  second-foot,  still  leaving  two-thirds  of  the 
amount  to  be  accounted  for  by  the  use  of  water  by  vegetation  and 
other  losses. 


UKDEBFLOW    DITCH   AT   OGALALLA. 
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L  line  of  test  wells  (fig.  2,  p.  17)  at  right  angles  to  the  ditch,  800  feet 
n  its  head,  was  put  down  for  the  purpose  of  determining  the 
ression  of  the  water  plane  in  the  neighborhood  of  the  ditch.  The 
file  of  the  water  plane  found  in  these  wells  is  given  in  fig.  7. 
Tie  point  of  especial  interest  in  connection  with  the  Hollingsworth 
lerflow  ditch  is  the  fact  that  it  is  probably  the  only  construction 
ts  kind  near  any  of  the  streams  of  the  western  plains  which  can  be 
sidered  a  success.  As  previously  stated,  nearly  all  such  ditches  in 
er  localities  in  the  Western  States  have  proved  to  be  failures, 
'he  conditions  at  this  particular  point  are  especially  favorable. 
5  fact  that  the  size  of  the  development  is  small  has  also  contributed 
its  success.  The  slope  of  South  Platte  River  at  Ogalalla  is 
isually  large,  amounting  to  about  1.6  feet  per  thousand.     The 
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7.— Profile  of  water  plane  at  line  of  test  wells  near  the  head  of  the  Hollingsworth  underflow  ditoh 
The  position  of  this  cross  section  is  given  on  the  map  (fig.  2.  p.  17). 

limum  slope  of  the  underflow  ditch  is  0.7  foot  per  thousand.  The 
t  of  construction  was  about  $3,000,  including  at  the  standard 
B  the  time  of  the  owner  and  of  his  teams  used  in  the  construction. 
3  ditch  requires  cleaning  at  frequent  intervals — at  least  once  every 
)  years — in  order  to  remove  the  vegetation  and  the  sand  which 
ds  to  gradually  ooze  up  from  the  bottom  and  fill  the  canal.  From 
nancial  standpoint  the  underflow  ditch  is  about  on  a  par  with  a 
nping  plant  of  the  same  capacity  in  the  same  location.  The  cost 
>peration  is  not  very  different  from  the  cost  of  operating  a  Corliss 
densing  engine  and  centrifugal  pump  comiected  to  a  battery  of 
ren  wells,  and  there  is  little  difference  in  the  first  cost.  A  pump- 
plant  in  one  respect  would  be  very  much  more  satisfactory, 
amuch  as  there  is  constant  danger  that  the  underflow  ditch  will 
ome  a  total  loss  at  any  time,  owing  to  an  unusually  heavj^  flood 
he  river  breaking  over  the  banks  and  filling  it  or  washing  it  out. 
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DISADVANTAGES    OF   UNDERFLOW   CANALS. 

As  stated  above  (p.  18),  the  percolation  into  the  HoUingswortl 
infiltration   canal,   for   each    square   foot   of    percolating  surface, 
amounted  to  only  0.01  to  0.02  gallon  per  minute,  under  1  foot  heai 
Tubular  wells  constructed  in  the  same  gravels  show  a  specific  capacity 
of  0.25  to  0.5  gallon  of  water  per  minute  for  each  square  foot  of 
strainer  surface,  under  1  foot  head.     The  low  specific  capacity  of  the 
underflow  canal  is  due  not  only  to  the  obstruction  of  the  sand,  throu^ 
which  the  water  must  pass  by  vegetation  and  slime,  but  mainly  to  the 
fact  that  stratified  gravels  do  not  readily  transmit  water  across  or  per-  I 
pendicular  to  the  direction  of  the  bedding.     When  tubular  wells  are 
put  down  vertically  in  bedded  gravol,  the  coarser  streaks  of  graYd 
drain  the  water  into  the  well  strainer  and  the  capacity  of  the  weD  ia 
determined  largely  by  the  coarsest  layers  of  the  gravels  encountered. 
In  the  underflow  ditch  the  water  must  reach  the  surf  ace  by  passing 
across  the  various  beds  of  gravel,  and  the  finest  layer  of  sand  controls 
the  rate  at  which  the  water  can  enter  the  canal.     On  this  account 
wells  that  penetrate  gravels  perpendicular  to  the  bedding  are  much 
preferred  to  horizontal  wells  or  to  underflow  canals  that  must  follow 
the  direction  of  the  bedding.     For  the  same  reasons  a  deep  tubular 
well  of  small  diameter  will  furnish  much  more  water  than  a  shallow 
dug  well  of  large  diameter. 

An  underflow  ditch  is  also  imdesirable  on  account  of  the  inelasticity 
in  the  amount  of  water  which  it  will  yield.  The  distance  to  whid 
the  water  level  is  lowered  by  the  underflow  canal  is  fixed  at  the  tin^ 
of  construction,  and  the  daily  yield  can  not  be  increased  beyond 
certain  maximum;  in  fact,  at* the  very  time  when  the  most  water  ■ 
needed — say  in  the  month  of  August — the  yield  of  the  imderfla' 
canal  will  be  near  its  minimum  value.  When  water  is  recovered  b 
pumping  from  tubular  wells,  the  vacuum  of  the  pumps  can  be  increase? 
for  short  intervals  of  time  to  correspond  to  the  increased  demand  to 
water. 

It  should  also  be  noted  that  verj"  few  infiltration  or  underflow 
canals  arc  in  actual  use  for  irrigation  purposes.  There  are  man; 
pumping  plants  in  use  for  irrigation  which  have  turned  out  to  be  boll 
practicable  and  financially  profitable;  but  the  attempts  to  secur 
ground  water  by  gravity  have  usually  proved  disappointing  and  ther 
are  numerous  abandoned  underflow  canals  in  many  parts  of  the  West 
An  underflow  ditch  was  constructed  in  1890  in  the  valley  of  Arkansa 
River  near  Hartland,  Kans.,  about  12  miles  west  of  Deerfield,  for  th 
piu'pose  of  furnishing  water  to  the  Great  Eastern  canal.  In  the  sum 
mer  following  its  construction  the  flow  from  the  canal  amoimted  to 
little  over  5,000  gallons  per  minute.  Water  from  the  river  ovei 
flowed  the  ditch  during  a  flood  and  partially  filled  it  with  sediment;  a 
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he  same  time  the  gravels  in  the  bottom  of  the  canal  showed  a  tendency 
o  work  themselves  upward  by  slow  movement  to  the  level  of  the 
ground  water,  cutting  down  materially  the  head  under  which  the 
water  entered  the  canal.  The  ditch  proved  a  complete  failure  and  a 
great  disappointment  to  the  people.  A  large  underflow  ditxjh  con- 
Btmcted  at  great  expense  near  Dodge,  Kans.,  had  practically  the  same 
history  as  the  one  at  Hartland.  The  Denver  Union  Water  Company 
put  an  underflow  gallery  in  Cherry  Creek,  at  a  cost  of  $200,000,  and 
succeeded  in  developing  only  5  second-feet  of  water.  An  expensive 
infiltration  canal  near  Sacaton,  Ariz.,  on  the  Gila  Indian  Reservation, 
vas  wholly  unsuccessful.  A  gravity  infiltration  canal  constructed  on 
Cimarron  River  near  Englewood,  Kans.,  consisted  of  900  feet  of  stave 
pipe  and  2,000  feet  of  open  canal.  A  flood  in  the  river  filled  the  canal 
with  sand  and  mud  soon  after  its  completion,  and  it  was  a  total 
failure. 

INVESTIGATIONS  AT  NORTH  PLATTE.  NEBR. 
SLOPE   OF  THE    WATER   PLANE. 

Several  miles  of  levels  were  run  at  North  Platte  to  determine  the 
dope  of  the  water  plane  toward  the  bottom  lands,  both  south  and 
north  of  South  Platte  and  North  Platte  rivers,  and  to  determine 
whether  or  not  the  position  of  the  water  plane  had  changed  since 
1890,  when  W.  W.  Follett  plotted  the  elevation  of  water  in  a  north- 
south  line  of  wells  crossing  the  Platte  Valley  at  this  point.  In  the 
lower  part  of  fig.  8  the  wells  used  by  Mr.  Follett  are  represented  by 
dots  and  those  used  by  the  field  party  in  1905  are  represented  by 
small  circles.  In  the  upper  part  of  the  figure  is  represented  the  eleva- 
tion of  the  water  in  these  wells. 

South  of  the  river  the  water  plane  was  found  at  about  the  same  ele- 
vation as  determined  by  the  line  of  levels  run  by  Mr.  Follett;  but  on 
'he  north  side,  within  the  sand-hill  district,  the  water  plane  was  about 
^  feet  lower  than  it  was  in  1890.  The  lowering  of  the  ground  water 
^  the  north  side  of  the  river,  where  its  source  is  the  rainfall  upon  the 
^'id  area,  may  be  due  partly  to  the  fact  that  within  this  period  there 
^  been  an  unusually  large  number  of  years  when  the  precipitation  was 
^Qh  less  than  the  normal.  The  amount  of  groimd  water  removed 
^tn  the  wells  is  insignificant.  The  sand-hill  country  is  used  for  cattle 
^^ing,  and  while  the  number  of  cattle  on  the  range  is  probably  not 
^reat  at  present  as  formerly,  during  dry  years  it  is  always  greatly 
^rgrazed.  This  may  be  the  principal  cause  of  the  lower  water  level, 
^teams's  well,  shown  at  the  north  end  of  the  Une  of  levels,  was 
^JJed  during  the  spring  of  1905. 
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FiQ.  8.— Diagram  showing  change  In  elevation  of  the  ground  water  at  North  Platte,  Nebr.,  bet?" 
1800  and  1905.  The  location  of  the  wells  used  by  W.  W.  Follett  in  1890  to  determine  the  elerati^ 
the  water  plane  is  shown  on  the  map  by  black  dots.  The  circles  show  the  location  of  the  wells  ^ 
to  deteimine  the  elevation  of  the  water  plane  in  1905. 


INVESTIGATIONS   AT   NOBTH   PLATTE,  NEBB. 
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fORTH   PLATTE   CITY   WATERWORKS    PUMPING   PLANT. 

plant  of  the  North  Platte  waterworks  two  lOJ-inch  duplex 
tion  steam  pumps  are  comiected  to  a  gang  of  28  6-inch 
deliver  water  imder  direct  pressure.  In  fig.  9  the  wells  are 
L  from  1  to  28.     The  second  number  for  each  well  represents 

in  feet.  Wells  1  to  22  have  screens  made  of  perforated 
it  4  feet  long;  wells  23  to  28  have  12-foot  Cook  strainers;  all 
led  with  a  4-inch  suction  pipe. 

her  15  and  16,  1905,  observations  were  made  at  this  plant  to 
'y  if  possible,  the  approximate  specific  capacity  of  the  gravels 
rt  of  the  vaUey.  On  these  days  the  south  pump  (H)  only 
ng,  and  wells  6,  13,  14,  17,  18,  19,  20,  21,  and  22  were  gated 
ig  only  19  wells  from  which  water  was  pumped.  Well  14 
and  offered  an  opportimity  for  measuring  the  fluctuation  of 
level  at  this  point  due  to  different  rates  of  pumping  at  differ- 

of  the  day.     These  measurements  are  given  in  column  4  of 


Observed  and  computed  data  from  test  of  city  watenoorlcs  pumping  station  at 
North  PlaUe,  Nebr.,  September  15-16,  1906. 


1. 

2. 

3. 

4. 

5.        1        6. 

7.                8. 

Observed  data. 

Computed  data. 

ime. 

Time  for 
20  cycles 
ofpump. 

1  Depth  of 
1    water 

Length  of  stroke 
of  pump. 

Depth  of  water 
below  normal. 

gage. 

uviuw  I  op 

of  aban- 
doned 
well. 

North    1    South 
cylinder,  cylinder. 

In  aban-        In 
doned      pumped 
weU.         wells. 

Seconds. 

39.2 

37.2 

35.8 

32.8 

30.7 

33.2 

30.7 

31 

29.8 

45 

106 

100 

91 

93 

67.3 

61.4 

43 

43 

Inches 
mercury. 

11 

11.5 

11.4 

12.4 

13 

12.6 

12.9 

12.9 

13.1 

Feet. 

5.38 
5.66 
5.84 
6.03 
6.2.5 
6.41 
6.54 
6.64 
A  7a 

Feet.     !     Feet. 

1 

Feet. 

Feet. 

6.86            6.93 
.90              .96 

i.54 
1.73 

3  15 

3.65 



.88              .96 
.89  1            .98 

2.ii 

2.24 

4.35 

4.60 

.90              .97 

.78              .88 
.58              .84 
.nS              .81 

.58  1            .82 
.60  1            .82 
.64  ■            .85 

2.43 

4.97 

10.7            6.30 
9                5.10 
9      1          4.76 

9      1          4.66 
9      1          4.63 
9      1          4.62 
9.5            4.86 
10      1          .'i-Ofi 

.46 
.36 

.90 

.70 

.82              .88 

.76 

1.55 

10.4 

5. 15 

ific  capacity  of  gravels  —0.31  gallon  pi»r  minut*.     Assumed  slip  of  pump  =  10  per  cent. 

idings  of  a  vacuum  gage  inserted  in  the  suction  pipe  just 
enters  the  pump  are  given  in  colunm  3  of  Table  V.  These 
are  very  rough,  since  the  gage  fluctuated  badly  with  the 
the  pump,  and  the  true  vacuum  could  only  be  estimated, 
the  large  number  of  gage  readings  taken  over  a  considerable^ 
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range,  together  with  the  readings  taken  on  the  open  well,  the  < 
puted  values  in  columns  7  and  8  of  the  table  can  not  be  far  froir 
rect.  Fom  the  data  in  columns  5,  6,  and  8  the  specific  capacity  < 
sands  was  found  to  be  about  0.3  gallon  per  minute,  the  8lip< 
pump  being  assumed  to  be  10  percent.  The  specific  capacit 
well  is  a  numerical  statement  of  the  readiness  with  which  tl 

furnishes  water.    It  exi 
^       ^  sri9££T  _^^^ _     ^1^^  amoimt  of  water  fui 

per  square  foot  of  straii 
face,  if  the  water  level 
ered  but  1  foot.  This  i 
is  large  in  the  case  of 
well  and  small  in  the 
a  poor  well.*  In  the 
case  each  square  foot  of 
er  surface  in  the  weUs  fu 
an  average  of  0.3  ga 
water  per  minute  unde 
head.  This  is  a  large  i 
and  indicates  an  e: 
grade  of  water-bearinj 
rial.  This  specific  c 
can  probably  be  relied 
wells  in  the  South  Plai 
ley.  The  waterworks  a 
Platte  are  in  constant 
tion,  so  that  the  spec 
pacity  measured  abov< 
value  after  long-co: 
pumping  has  taken  ph 
hence  a  minimum  amc 

SPRINGS  AND  ARTESIAN 
OF   BIRDWOOD   CRE 


3£i^S^rff    5r^££r 


Fig.  9.— Map  of  the  city  waterworks  pumping  plant  ut 
North  Platto,  Xebr.  The  position  of  the  wells  and 
suction  pipe  Is  Uidicatcd  in  the  diagram.  The  s<'C()nd 
number  for  each  well  indicates  its  depth  where 
known. 


Birdwood  Creek,  a  pc 
stream  with  a  low-sta 
of  about  150  second-f 
with  a  drainage  area 
entirely  within  the  sai 
enters  North  Platte  River  about  16  miles  west  of  North 
Nebr.  The  head  of  the  stream  is  nearly  20  miles  to  the 
It  has  only  two  branches;  one  is  a  very  small  stream  enter 
creek  near  its  head;  the  other.  West  Birdwood  Creek,  flowf 
easterly  direction  a  distance  of  nearly  14  miles  and  joins  th 


a  See  Water^up.  and  In.  Papei  "Ko.  \^, T3 .  ^.  Qi^\.  ^\vr;<r; , v^^^'fr^W- 


WATEB  OF   BIBDWOOD   CREEK.  27 

■tream  11  miles  above  its  mouth.     The  flow  of  West  Birdwood  Creek 

•t  the  junction  is  nearly  as  great  as  that  of  the  main  stream  itself,  and 

perhaps  for  this  reason  the  stream  is  locally  spoken  of  as  having  an 

•  east  and  a  west  fork.     Above  the  forks  the  two  branches  of  Bird- 

I  ^ood  Creek  are  cut  down  from  100  to  200  feet  into  the  sand-hill  de- 

-  [  posit,  with  no  valley  bottom,  the  steep  banks  in  most  places  extending 

-  down  to  the  water's  edge.     The  stream  flows  in  this  deep  cut  some 
■    distance  below  the  general  level  of  the  water  plane.     This  conclusion 

I  is  justified  by  the  fact  that  for  nearly  its  entire  course  there  is  a  strong 
I  seepage  from  both  banks  extending  many  feet  above  the  bed  of  the 
f    creek. 

Birdwood  Creek  is  fed  entirely  by  seeps  along  its  banks  and  by 
numerous  springs,  some  of  which,  at  the  head  of  the  west  branch  and 
about  7  mil6s  below  the  head  of  the  east  branch,  are  of  enormous  size. 
The  description  of  these  springs  by  the  residents  of  the  valley  indi- 
cated that  there  was  some  probability  of  the  ground  waters  being 
under  artesian  head.  This  matter  was  accordingly  investigated  by 
anking  a  2-inch  well  in  one  of  the  large  springs  at  the  head  of  the 
west  branch,  near  the  center  of  sec.  4,  T.  16  N.,  R.  35  W.  An  arte- 
sian head^  increasing  with  depth,  developed  during  the  sinking  of 
this  well;  at  a  depth  of  40  feet  the  water  rose  over  20  feet  above  the 
bed  of  the  creek. 

The  log  and  distance  to  water  for  two  wells  located  near  the  head 

of  West  Birdwood  Creek  were  furnished  by  the  owners.     One  well, 

3  miles  directly  south  of  the  big  springs,  on  the  ranch  of  Mr.  F.  L. 

Jones,  m  the  SW.  J  sec.  21,  T.  16  N.,  K.  35  W.,  is  in  coarse  gravel 

which  begins  at  a  depth  of  275  feet.     Above  the  gravel  are  several 

thin  layers  of  hardpan,  and  above  the  hardpan  is  a  ver}^  fine  sand 

I     extending  continuously  to  the  surface.     In  this  well  the  water  plane 

^  at  a  depth  of  60  feet.     The  second  well  is  (m  the  ranch  of  Mr.  C.  W. 

-'Uexander,  2i  miles  north  and  1  mile  west  of  the  big  spring,  near  the 

'ionhwest  comer  of  the  SE.  }  SE.  J  sec.  21,  T.  17  N.,  R.  35  W.     Tliis 

^oll  was  put  down  through  169  feet  of  very  fine  sand,  12  feet  of  liard- 

P^,  and  for  12  feet  into  coarse  gravel.     From  these  data,  and  from 

^tevations  taken  from  a  contour  map  of  this  region,  fig.   10  was 

^>vn.     From  this  diagram  it  will  be  seen  that  the  inaximuni  arte- 

^^H  head  which  can  be  developed  at  this  point  should  l)e  about  25 

feet — a  pressure  nearly  eciual  to  that  found  by  sinking  the  test  well 

^^  the  spring.     It  may  also   be  observed   that   the  coarse  gravels 

*^^ould  be  encoimtered  at  a  depth  not  exceeding  160  feet. 

The  waters  of  Birdwood  Creek  are  taken  out  just  above  its  mouth 
On  North  Platte  River  and  diverted  into  an  irrigation  canal,  whicli 
^rves  the  bottom  lands  of  the  river.  The  discovery  of  the  artesian 
liead  of  the  water  in  Birdwood  Creek  makes  it  possible  to  augment 
greatly  the  low-stage  flow  of  this  stream  and  the  supply  of  water  for 
the  eodsting irrigation  canal,  or  a  new  one.    It  ViWVi^  ^xv\xiK^^«Mi:^< 
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matter  to  sink  a  number  of  12-inch  wells  to  the  artesian  watoi 
suitable  localities  along  the  stream,  and  to  provide  these  wells  v 


gates  or  valves  which  can  be  opened  during  low  stages  of  flow 
is  very  probable  that  the  present  minimum  flow  of.Birdwood  ( 
Id  be  doubled  by  svicb.  me%xk&. 
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JGOBSTIONS  FOR     THE     CONSTRUCTION    OF    SMALL    PUMPING 

PLANTS. 

The  inveatigations  in  the  South  Platte  Valley  indicate  that  there 
an  ample  supply  of  ground  water  for  a  large  number  of  small  pump- 
g  plants  located  in  almost  any  part  of  the  bottom  lands.  It  is  pos- 
ble  to  count  on  an  average  depth  of  40  to  60  feet  of  good  water- 
Muring  gravels.  These  deposits  contain  a  sufficient  amount  of  coarse 
aterial  to  render  it  unnecessary  to  use  fine-meshed  strainers  in  the 
elb.  In  a  large  portion  of  the  bottom  lands  the  distance  to  water 
between  5  and  15  feet,  making  it  easy  to  pump  the  water  and  place 
on  the  surface  of  the  ground  economically.  The  cost  of  pumping 
ill  be  controlled,  primarily,  by  the  cost  of  fuel  and  the  distance  it 
necessary  to  lift  the  water.  Whether  a  pumping  plant  will  be  a 
rofitable  investment  depends,  of  course,  ver}^  largely  on  the  crops 
lat  can  be  grown  and  marketed  at  a  fair  price. 

KIND   OF   WELLS   ADAPTED  TO   THE    SOUTH    PLATTE   GRAVELS. 

The  most  economical  well  to  construct  for  the  purpose  of  procuring 
round  water  in  the  large  quantities  needed  for  irrigation  purposes 
J  one  from  12  to  15  inches  in  diameter  and  extending  into  the  water- 
earing  gravels  a  distance  of  30  to  60  feet,  depending  on  the  thickness 
'  the  gravels  at  the  place  where  the  well  is  drilled.  Strainers  for 
ese  wells  can  be  made  of  slotted  galvanized  iron.  The  perforated 
Btal  should  be  placed  opposite  all  the  coarse  gravels,  below  a  depth 

10  feet  below  the  surface  of  the  water.  These  strainers  can  be 
xde  by  any  mechanic  by  punching  heavy  galvanized  iron  with  slots 
out  one-eighth  by  1  inch  in  size  and  then  riveting  the  sheets  into 
linders  of  the  proper  diameter.  The  cylinders  should  be  rolled  so 
at  the  burr  made  by  punching  the  slots  will  come  on  the  outside  of 
e  finished  casing  and  so  that  the  slots  will  be  arranged  vertically 
the  finished  well.     A  much  better  strainer  can  be  made  if  the  metal 

purchased  in  sheets  already  perforated.  For  this  purpose  steel 
^ets  48  by  60  inches,  perforated  with  hit  and  miss  slots,  three- 
cteenths  by  1  inch,  and  galvanized  after  the  perforations  are  made, 
11  be  found  to  be  ideal  strainers.  When  rolled  into  cylinders  those 
^ets  form  a  casing  about  15  inches  in  diameter.  In  constructing 
.«  well  the  perforated  sections  should  be  put  in  place,  one  al)ovo 
lother,  to  a  point  about  10  feet  below  the  water  level,  from  this 
ipth  upward  the  casing  should  not  be  perforated. 

AMOUNT   OF   WATER   THAT    CAN    BE    OBTAINED. 

Wells  constructed  as  described  in  the  preceding  section  can  be 
lied  on  to  furnish  at  least  one-fourtli  gallon  of  water  per  minute  for 
ich  square  foot  of  strainer  surface  in  the  well  wlien  the  water  in  the 
ell  is  lowered  1  foot  by  pumping.     If  tlie  water  in  the  well  is  lowered 
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matter  to  sink  a  number  of  12-inch  wells  to  the  artesian  wate 
suitable  localities  along  the  stream,  and  to  provide  these  wells  ^ 
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gates  or  valves  which  can  be  opened  during  low  stages  of  flow. 
is  very  probable  that  the  present  mimixvuia  flow  of.Birdwood  Ci 
could  be  doubler^  '  means. 
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]frQBSTIONS  FOR    THE     CONSTRUCTION    OP    SMALL    PUMPING 

PLANTS. 

'he  investigations  in  the  South  Platte  Valley  indicate  that  there 
n  ample  supply  of  ground  water  for  a  large  number  of  small  pump- 
plants  located  in  almost  any  part  of  the  bottom  lands.  It  is  pos- 
e  to  count  on  an  average  depth  of  40  to  60  feet  of  good  water- 
ring  gravels.  These  deposits  contain  a  sufficient  amount  of  coarse 
terial  to  render  it  unnecessary  to  use  fine-meshed  strainers  in  the 
&.  In  a  large  portion  of  the  bottom  lands  the  distance  to  water 
«tween  5  and  15  feet,  making  it  easy  to  pump  the  water  and  place 
>n  the  surface  of  the  ground  economically.  The  cost  of  pumping 
I  be  controlled,  primarily,  by  the  cost  of  fuel  and  the  distance  it 
lecessary  to  lift  the  water.  Whether  a  pumping  plant  will  be  a 
fitable  investment  depends,  of  course,  very  largely  on  the  crops 
t  can  be  grown  and  marketed  at  a  fair  price. 

KIND   OP   WELLS   ADAPTED  TO   THE   SOUTH    PLATTE    GRAVELS. 

lie  most  economical  well  to  construct  for  the  purpose  of  procuring 
und  water  in  the  large  quantities  needed  for  irrigation  purposes 
ne  from  12  to  15  inches  in  diameter  and  extending  into  the  water- 
ring  gravels  a  distance  of  30  to  60  feet,  depending  on  the  thickness 
:he  graveb  at  the  place  where  the  well  is  drilled.  Strainers  for 
se  wells  can  be  made  of  slotted  galvanized  iron.  The  perforated 
:al  should  be  placed  opposite  all  the  coarse  gravels,  below  a  depth 
10  feet  below  the  surface  of  the  water.  These  strainers  can  be 
le  by  any  mechanic  by  punching  heavy  galvanized  iron  with  slots 
ut  one-eighth  by  1  inch  in  size  and  then  riveting  the  sheets  into 
nders  of  the  proper  diameter.  The  cylinders  should  be  rolled  so 
t  the  burr  made  by  punching  the  slots  will  come  on  the  outside  of 

finished  casing  and  so  that  the  slots  will  be  arranged  vertically 
he  finished  well.  A  much  better  strainer  can  be  made  if  the  metal 
purchased  in  sheets  already  perforated.  For  this  purpose  steel 
ets  48  by  60  inches,  perforated  with  hit  and  miss  slots,  three- 
ieenths  by  1  inch,  and  galvanized  after  the  perforations  are  made, 
I  be  found  to  be  ideal  strainers.  When  rolled  into  cylinders  these 
ets  form  a  casing  about  15  inches  in  diameter.     In  constructing 

well  the  perforated  sections  should  be  put  in  place,  one  above 
»ther,  to  a  point  about  10  feet  below  the  water  level,  from  this 
►th  upward  the  casing  should  not  l)e  perforated. 

AMOUNT   OF   WATER    THAT   CAN    BK    OBTAINED. 

Veils  constructed  as  described  in  the  preceding  section  can  be 
ed  on  to  furnish  at  least  one-fourth  gallon  of  water  per  minute  for 
h  square  foot  of  strainer  surface  in  the  well  when  the  water  in  the 
1  is  lowered  1  foot  by  pumping.     If  the  watev  uv  tl\e  well  \^  U^^'^^ed 
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10  feet  by  pumping,  the  amount  of  water  recovered  should  amount 
to  at  least  ten  times  as  much,  or  2)  gallons  per  minute  per  squ&ie; 
foot  of  strainer.  If  a  15-inch  well  is  drilled  in  good  water-bearing 
gravel  to  a  depth  of  40  feet,  the  lower  30  feet  of  which  is  strainer  sur- 
face, and  if  the  pump  lowers  the  water  in  the  well  10  feet,  the  amount 
of  water  supplied  by  the  well  should  amount  to  at  least  300  gate 
per  minute.  It  is  believed  that  this  estimate  is  conservative.  ' 
careful  test  of  the  waterworks  at  North  Platte,  Nebr.,  showed  that  t\ 
strainers  in  the  wells  were  furnishing  0.3  gallon  of  water  per  min^ 
per  square  foot  of  strainer  surface,  when  the  water  in  the  wells  ^ 
lowered  1  foot  by  pumping. 

For  small  pumping  plants  a  single  well  of  the  depth  indical 
above  would  probably  be  sufficient  for  the  supply;  but  if  the  gc 
water-bearing  gravels  do  not  extend  to  the  requisite  depth,  it  woi 
be  necessary,  of  course,  to  increase  the  number  of  welb  and  conn 
several  of  them  by  suitable  means  to  the  pump. 

DISTANCE    BETWEEN   WELLS. 

If  it  is  necessary  to  construct  several  wells  in  order  to  obtain  1 
amount  of  water  required  for  an  irrigation  plant,  it  becomes  imp 
tant  to  consider  the  best  and  most  economical  arrangement  of  1 
wells.  Two  different  methods  will  be  found  available  for  this  p 
pose.  If  the  amount  of  water  required  is  not  greatly  in  excess  of  tl 
which  can  be  supplied  by  a  single  tubular  well,  it  is  often  found  pr 
ticable  to  construct  a  large  dug  well  6  to  10  feet  in  diameter  t< 
depth  of  5  to  10  feet  below  the  water  level,  inserting  in  the  bottom 
the  dug  well  several  feeders  of  perforated  galvanized  iron,  as  descril 
above.  This  method  has  the  advantage  of  permitting  the  pump  tl 
is  to  recover  the  water  to  be  submerged  in  the  water  of  the  well, 
well  of  this  sort  is  shown  in  fig.  11. 

In  order  to  sink  a  dug  well  the  proper  distance  below  the  wa 
level,  it  is  necessary  to  construct  a  wooden,  brick,  or  concrete  c 
that  will  sink  as  the  material  is  removed  from  its  interior.  The  c 
of  the  well  shown  in  fig.  1 1  is  made  of  wood,  and  is  larger  at  the  lov 
than  at  tlio  upper  end  to  facilitate  sinking. 

Another  method  of  recovering  a  large  quantity  of  water  is  to  sin) 
battery  of  wells  and  connect  them  by  suction  pipe  to  the  pun 
This  method  is  adapted  to  secure  a  greater  supply  than  the  large  d 
well.  Various  arrangements  of  the  wells  can  be  made.  Three,  fo 
or  more  wells  can  he  arranged  in  a  straight  line  20  or  30  feet  apa 
and  connected  by  suction  ])ipe  to  a  pump  placed  near  the  center 
the  row  of  wells.  In  fig.  12  is  shown  an  arrangement  suitable  foi 
battery  of  eight  to  twelve^  wells.  These  wells  are  arranged  in  pai 
placed  close  together,  each  pair  of  wells  being  40  to  60  feet  from  t 
next  pair  on  the  same  suction  line.     The  object  of  placing  the  we 
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»  ^^     "  ^^iagram  o(  a  puiTii)ii)^'  pluiit  in  (hr-     zV^nr,-- V  -n  ■  ■  in  wliicli  the  water  is  rtvovercil  from  a 

foQf^    ^    having  a  woo<lon  cnh   in  the  lM)tt«>rn  of  which  are  pinci'il  seven  K»lvani7C<J-iron  strainers  • 
a j„ _^^ ^9.    A  chaln-and- bucket  pump  is  userl  on  this  w«'ll.     Inciter  results  would  undoubtedly  b« 
"i  by  using  H  venlcul-ahuit  centrifugal  pump  8ubmergc«l  \n  V\\c  ovcw  v.v;V\. 
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snaoBSTioNS  for  small  pumping  plants.  83 

3ther  in  pairs  is  for  the  purpose  of  removing  a  large  amount 
e  sand  from  the  water-bearing  gravel.  This  can  be  done  in 
ke  those  foimd  in  the  South  Platte  Valley  by  pumping  vigor- 
m  one  of  the  pair  of  wells  and  at  the  same  time  running  clear 
o  the  neighboring  well.  By  this  means  it  should  be  possible 
>ut  all  the  fine  material  between  the  two  wells.  A  pumping 
e  that  shown  in  fig.  12  should  supply  from  2,500  to  3,500 
f  water  per  minute,  if  the  water-bearing  gravels  are  of  the 
ally  foimd  in  the  South  Platte  Valley,  without  lowering  the 
>re  than  10  feet. 

KIND   OF   PTJMP. 

)ly  the  most  satisfactory'^  pump  for  use  in  irrigation  is  the 
al  pump.  It  should  be  remembered,  however,  that  there 
^at  many  kinds  of  small  centrifugal  pumps  on  the  market 
•e  designed  for  a  great  variety  of  purposes.  It  does  not 
urchase  any  but  the  very  best  macliiner}'^  for  the  pumping 
,  as  poorly  designed  macliinery  soon  proves  too  expensive, 
ous  kinds  of  pumps  differ  greatly  in  this  respect.  The  ccn- 
)ump  used  by  the  irrigator  should  be  of  the  inclosed-runner 
>vided  with  self-oiling  bearings  of  the  oil-ring  type.  There 
ral  excellent  makes  of  centrifugal  pumps  on  the  market, 
of  them  will  do  good  work  if  the  size  and  design  of  the 
the  conditions  under  which  it  must  work.  The  maker  of 
p  should  have  full  information  of  all  the  conditions  under 
is  to  be  installed,  includinci:  the  distance  that  the  pump 
charge  the  water  above  its  outlet,  aL^o  the  amount  of  suc- 
he  distance  the  water  must  l)e  lifted  below  the  pump  inlet. 
>wing  points  are  important  to  those  al)out  to  install  pump- 
s: 

ficiency  of  tlie  centrifugal  pump  under  actual  working  con- 
;  liigher  for  large  pum]xs  tlian  for  small  ones.  Pumps  hav- 
charge  pi[)e  less  than  3  inclies  in  diameter  will  show  a  low 

rifugal  pump  will  work  better  and  be  more  efficient  if  the 
■  the  suction  i)ipe  is  kept  as  low  as  possible,  relative  to  the 
•  the  discharge  pipe.  On  this  account  the  purnj:)  should  be 
i  near  the  level  of  the  water  as  the  securing  of  a  good  foun- 
ill  permit. 

pump  is  to  be  driven  by  means  of  a  belt  it  should  be  pro- 
ith  a  large  pulley.  The  pulley  usually  supplied  with  the 
s  so  small  that  a  great  amount  of  slipping  takes  place 
the  belt  and  tlie  pulley,  and  the  efficiency  of  the  puni])  is 
lecreased  on  that  account.  Of  course,  it  is  necessary  to 
184—06 3 
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secure  the  proper  proportion  between  the  sizes  of  driving  and  drivai 
pulleys,  but  both  should  be  larger  than  are  usually  furnished  with 
pumps  and  engines. 

The  suction  pipe  on  the  pump  and  the  dischai^e  pipe  should  be 
large.  A  No.  4  centrifugal  pump  that  draws  water  from  a  m^ 
well  should  have  at  least  a  6-inch  suction  pipe,  and  the  discharge 
pipe  should  gradually  increase  from  4  inches  in  diameter  at  the  dis- 
charge opening  of  the  pump  to  8  inches  3  feet  above  the  discharge 
opening  and  continue  this  size  until  the  flume  or  discharge  conduit 
is  reached.  The  discharge  pipe  can  be  made  of  riveted  galvanized 
•iron,  and  the  suction  pipe  can  be  made  either  of  standard  pipe  or 
good  well  casing. 

A  centrifugal  pump  loses  its  eflBciency  at  once  if  it  leaks  air  around 
the  stuffing  box  or  if  there  is  an  air  leak  at  any  place  in  the  suction 
pipe.  Many  centrifugal  pumps  are  now  provided  with  a  water  seal 
around  the  stuffing  gland  that  insures  the  absence  of  leaks  at  this 
point. 

A  good  centrifugal  pump  with  inclosed  impeller  or  runner  should 
show  an  efficiency  of  about  60  per  cent  on  a  30-foot  lift.  Sin^ 
stage  centrifugal  pumps,  constructed  with  bronze  impellers,  made 
in  two  pieces  so  that  the  interior  could  be  machined  and  smoothed, 
have  sho>\Ti  an  efficiency  of  about  80  per  cent. 

METHOD   OF   PRIMING   PUMPS. 

A  large  number  of  pumping  plants  are  installed  with  foot  valves 
at  the  bottom  of  the  suction  pipe.  When  these  are  provided  a 
centrifugal  pump  is  always  ready  to  start  after  it  is  once  primed. 
The  foot  valves  usually  interfere  very  materially  with  the  flow  of 
water  into  the  pipe,  and  it  is  undoubtedly  more  economical  to  omit 
them  and  place  a  flap  valve  at  the  upper  end  of  the  discharge  pipe, 
which  can  be  lowered  when  it  is  desired  to  start  the  pump.  An 
ordinary  cast-iron  house  pump  connected  to  the  top  of  the  casing 
of  the  centrifugal  pump  can  be  used  to  prime  the  pump  with  water 
before  starting. 

PIPE    FITTINGS. 

The  suction  pipe  usually  installed  by  constructors  of  pumping 
plants  is  not  only  too  small  for  the  best  results,  but  the  elbows  and 
tees  used  are  very  poorly  adapted  to  the  purpose  intended.  It  is  a 
common  practice  to  use  steam-pipe  fittings  for  this  purpose,  b 
consequence  the  water  is  required  to  turn  at  sharp  angles  at  the 
tees  and  elbows  and  the  best  results  can  not  be  obtained.  In  order 
to  avoid  this  difficulty  ''long-sweep"  fittings  should  be  purchased. 
These  are  standard  trade  goods  and  can  be  obtained  from  any  of 
the  large  dealers  in  pipe  fittings.  Fig.  13  shows  the  difference  in 
the  two  kinds  of  fittings. 
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SOURCE    OF   POWER. 

A.  favorite  engine  for  small  pumping  plants  is  the  gasoline  engine, 
bere  the  price  of  gasoline  is  high  it  is  very  easy  to  make  the  cost 
water  prohibitive  by  the  use  of  such  power.  Whether  or  not  it 
ys  to  pump  water  by  gasoline  is  a  matter  which  depends  very 
■gely  on  the  distance  the  water  must  be  4ifted,  but  also  on  the 
id  of  crop  that  is  to  be  irrigated.  Gasoline,  even  at  a  high  price, 
usually  a  cheaper  fuel  than  coal  in  an  ordinary  steam  engine  of 

small  horsepower.  For  plants  re- 
quiring from  20  to  30  horsepower 
producer -gas  generators  can  be 
installed,  which  will  keep  the  cost 
of  pumping  down  to  a  minimum. 
A  suction  gas  producer,  using  an- 
thracite pea  coal  for  fuel,  should 
furnish  power  at  the  rate  of  I 
horsepower  per  hour  for  each 
pound  and  a  half  of  coal  con- 
sumed. At  $8  per  ton  the  cost  of 
coal  should  be  equivalent  to 
gasoline  at  4  to  6  cents  per  gal- 
lon. 

In  large  plants,  requiring  from  50  to  100  horsepower  or  more,  a 
ondensing  Corliss  engine  is  sufficiently  economical  where  the  cost 
f  coal  does  not  exceed  83.50  to  $4  per  ton. 


G.  13.— Diagram  Btaowing  the  relative  shape 
of  standard  and  "long-sweep"  pipe  GttingB. 
The  upper  part  of  the  diaeram  shows  stand- 
ard fittings  and  the  lower  part  long-sweep 

fittings. 


ECONOMICAL   DISTANCE    WATER    MAY'    BE    LIFTED. 

It  is  very  unlikely  that  it  will  pay  to  pump  water  under  present 
onditions  in  the  South  Platte  Valley,  a  total  distance  of  more  than 
Ofeet,  including  the  suction  lift  of  the  pump.  If  the  pump  lowers 
lie  water  in  the  wells  10  feet  and  if  the  distance  to  water  is  10  feet 
elow  the  surface  and  the  discharge  pipe  is  brought  into  a  reservoir 
r  flume  5  feet  above  the  surface,  the  total  lift  will  be  30  feet,  if  5  feet 
e  added  to  cover  loss  of  head  due  to  friction  in  suction  and  discharge 
ipes.  It  will  probably  not  pay  to  pump  water  to  a  greater  height  at 
ny  place  in  the  valley,  except  for  the  irrigation  of  garden  truck  and 
ther  high-priced  crops. 


STORAGE    RESERVOIRS. 


In  order  to  irrigate  economically  from  pumping  plants  it  is  usually 
^able  to  pump  the  water  into  a  reservoir  having  a  capacity  equal 
>  the  amount  of  water  the  plant  can  furnish  in  six  to  eight  hours. 
Jch  a  reservoir  is  absolutely  necessary  for  the  best  results  with 
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small  pumping  plants.  If  the  supply  of  water  exceeds  500  gallons  per 
minute  it  is  possible  to  dispense  with  the  reservoir,  especially  if  the 
supply  greatly  exceeds  this  amount.  Plants  furnishing  over  1,000 
gallons  per  minute  can  usually  be  best  operated  without  a  reservoir. 

COST   OF   PUMPING. 

The  cost  of  recovering  ground  water  from  wells  is  made  up  of  foui 
principal  items— (1)  cost  of  fuel  and  supplies,  (2)  cost  of  labor,. (3) 
charge  for  depreciation  and  repairs,  (4)  interest  on  the  first  cost  ol 
the  plant  or  the  capital  invested.  The  first  and  third  of  these  items 
are  partially  under  the  control  of  the  owner  of  the  plant.  If  the 
installation  is  carefully  designed  and  its  parts  well  proportioned,  the 
cost  of  fuel  can  be  kept  at  a  minimum,  and  similarly  the  charge  for 
depreciation  and  repairs  will  be  kept  low  if  good  macliinerv'^  is  pur- 
chased in  the  first  place  and  careful  attention  is  given  to  its  mainte- 
nance when  in  operation  and  when  idle.  The  charge  for  depreciation 
will  be  as  great,  if  not  greater,  when  the  plant  is  not  running  as  when 
it  is  running.  If  the  macliinery  is  neglected  and  carelessly  exposed 
when  idle*,  the  rate  of  depreciation  will  greatly  exceed  the  rate  when 
it  is  in  use.  The  charge  for  depreciation  and  repairs  should  not  be 
estimated  at  less  than  10  per  cent  of  the  first  cost  of  the  plant. 

Table  Vr  gives  an  estimate  of  approximate  cost  for  fuel  and  main- 
tenance of  a  pumping  plant  having  a  capacity  of  1,000  gallons  of  water 
per  minute  for  total  lifts  of  10,  20,  and  30  feet.  In  column  2  of  this 
table  is  given  the  hydraulic  horsepower,  which  is  the  theoretical 
power  required  to  lift  the  given  quantity  of  water  the  distance  stated 
in  cohinm  1 .  The  actual  brake  horsepower  of  the  engine  should  be 
about  double  the  amount  given  in  column  2.  The  horsepower 
required  by  the  engine  is  stated  in  column  3  in  two  ways — first,  the 
amount  of  power  that  would  be  required  in  a  w^ell-designed  pumping 
plant ,  whore  care  has  been  given  to  all  the  matters  previously  referred 
to,  such  as  the  use  of  large  suction  and  discharge  pipes  and  proper 
selection  of  pump  and  machinery.  The  best  that  can  be  expected  of 
a  small  pumping  plant  is  to  recover  50  per  cent  of  the  power  delivered 
to  the  belt  by  the  engine  as  useful  work  in  lifting  the  water.  The 
losses  that  occur  will  consist  of  losses  in  the  belt,  amounting  to  from 
5  to  10  per  cent,  losses  in  the  pump,  amounting  to  about  40  per  cent, 
and  friction  losses  in  the  suction  and  discharge  pipes,  varying  fromS 
to  20'per  cent.  In  order  to  secure  an  economically  running  plant  it 
is  important  that  the  engine  should  be  large  enough  to  do  the  work 
but  at  the  same  time  not  too  large.  Great  losses  occur  in  gasoline 
engines  if  their  capacity  is  largely  in  excess  of  the  work  required 
The  horsepower  stated  as  a  maximum  in  column  3  indicates  the  largest 
that  should  be  used  for  the  given  lift. 
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^ABLB  VI. — Approximate  east  qffud  required  to  pump  1  fiOO  gallons  of  water  per  minute^  for 
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Non.— One  thousand  gaDons  of  water  per  minute  pumped  continuoualy  for  olcvnn  hours  is  equiva- 
leat  to  2  acre-feet  of  water. 

In  columns  4  and  5  the  cost  of  fuel  for  delivering  the  horsepower 
stated  in  colunm  3  is  expressed  in  cents  per  hour,  based  on  the  price 
of  gasoline  indicated  in  these  columns.  In  column  6  is  given  the  cost 
of  fuel  if  hard  coal  costing  $8  per  ton  be  used  in  a  suction  producer- 
gas  plant.  In  column  7  is  given  the  cost  of  fuel  per  hour  if  soft  coal  at 
$4  per  ton  he  used  in  a  condensing  Corliss  engine.  In  column  8  is  given 
a  rough  estimate  of  the  cost  per  year  for  depreciation  and  repairs  on 
a  well-constructed  plant. 

hi  order  to  determine  approximately  the  cost  of  pumping  water  any 
distance  between  20  and  30  feet,  a  proportional  part  of  the  cost  for  10 
feet  can  be  added  to  the  cost  for  20  feet.  Thus,  to  get  the  cost  of 
pumping  water  a  distance  of  25  feet,  half  of  the  numbers  in  the  first 
line  of  the  table  can  be  added  to  those  in  the  second  line.  The  table 
should  be  used  for  estimating  the  cost  of  pumping  water  only  for  lifts 
lying  between  20  and  30  feet.  The  cost  for  10  feet  is  given  for  the 
purpose  of  making  estimates,  but  it  should  not  be  supposed  that  the 
cost  for  this  low  lift  would  be  merely  half  of  that  for  the  20-f()ot  lift, 
as  friction  and  other  losses  would  tend  to  make  the  cost  for  the  low 
lift  higher  than  that  stated  in  the  table. 

Tests  of  a  number  of  pumping  plants  in  the  Rio  Grande  Valley  are 
reported  in  Water-Supply  and  Irrigation  Paper  No.  141.  On  page  34 
of  that  paper  will  be  found  a  table  giving  the  fuel  cost,  interest,  and 
labor  cost  estimated  for  each  acre-foot  of  water  recovered.  Similar 
facts  concerning  the  cost  of  pumping  water  in  existing  small  pumping 
plants  in  the  Arkansas  River  Valley  in  western  Kansas  will  be  found 
^n  Water-Supply  and  Irrigation  Paper  No.  153.  A  ta})le  sunmmrizing 
^he  results  is  given  on  page  55  of  that  paper,  and  on  page  82  will  be 
found  a  test  of  a  producer-gas  pumping  plant  at  Roctky  Ford,  Colo. 

At  almost  any  point  in  the  river  valleys  of  the  western  plains 
<iomplete  pumping  plants,  includii^g  wells,  inachii  ery,  and  buildings, 
Can  be  constructed  for  about  $100  per  horsepower  required.  In 
^me  exceptional  cases  the  cost  may  run  as  low  as  SCO  per  horr^e^^ower. 
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APPENDIX. 

• 

In  the  following  tables  are  given  statistics  of  wells  in  the  territory 
along  the  line  of  the  Union  Pacific  Railroad  in  the  South  Platte  Valley 
from  North  Platte  to  Sidney,  Nebr.,  and  from  Julesburg  to  Sterling, 
Colo.,  which  have  been  drilled  for  the  purpose  of  obtaining  a  water 
supply  for  private  individuals  and  for  thp  railroad.  Ihis  information 
was  obtained  through  the  courtesy  of  the  engineering  depaitmeiitiif 
the  Union  Pacific  Railroad. 
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SinCATION  OF  THE  PUBLICATIONS  OP  THE  UNITED  STATES  GEOLOGICAI. 

SURVEY. 

[Water-Supply  Paper  No.  184.] 

le  serial  publicatiom?  of  the  United  States  Geologii^ai  Survey  consist  of  ( 1 )  Annual 
)rts,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
•urces,  (fi)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
i» — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  United  States — folios 
eof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publication;  the  others 
iistribute<l  free.  A  circular  giving  complete  lists  €an  be  had  on  application, 
ost  of  the  above  publications  can  be  obtaine<l  or  consulted  in  the  following  ways: 
A  limittnl  number  are  delivered  to  the  Direc^tor  of  the  Survey,  from  whom  they 
be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 
A  certain  number  are  delivered  to  Senators  and  Representativc»s  in  Ck)ngre88  for 
ribution. 

Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
3.,  from  whom  they  can  be  had  at  practically  cost. 

Copies  of  all  Government  pul)lications  are  furnished  to  the  principal  public 
aries  in  the  large  cities  thruout  the  United  States,  where  they  can  be  consulted 
Lhose  interested. 

he  Professional  Papers,  Bulletins,  an<i  Water-Supply  Papers  treat  of  a  variety  of 
jects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
•  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
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INVESTIGATIONS  ON  THE  PURIFICATION  OF 
BOSTON  SEWAGE. 


By  C.-E.  A.  WiNSLOW  and  Earle  B.  Phelps. 


INTRODUCTION. 

By  WiLXjAM  T.  Sedgwick. 

Systems  of  water  carriage,  or  sewerage,  are  now  almost  universally 

employed  for  the  quick  and  inoflfensive  removal  of  fluid  wastes  and 

human  excrements  from  thickly  settled  communities.     These  fulfill 

fairly  well  that  first  and  most  imperative  requirement  of  scientific 

sanitation — the  prompt  and  efficient  removal  of  the  more  dangerous 

excreta.     As  often  happens,  however,  the  solution  of  one  problem  has 

given  rise  to  another  scarcely  less  difficult,  namely,  in  this  case,  the 

sanitary  and  economic  disposal  of  vast  quantities  of  contaminated 

liquids  known  as  sewage.     The  volumes  of  sewage  discharged  by 

Daodem  communities  are  so  large,  especially  in  the  United  States, 

where  water  is  Uberally  supplied,  freely  used,  and  frequently  wasted, 

^^i  the  character  of  all  kinds  of  sewage  is  always  so  objectionable, 

*'hat  the  so-called  sewage-disposal  problem  becomes,  from  the  economic 

^  Hrell  as  the  sanitary  point  of  view,  one  of  the  most  serious  with 

^Wch  modem  communities  have  to  deal.     Nor  is  this  merely  a  public 

^^  commimity  problem.     Isolated  private  houses  of  the  better  class 

^^^   now  almost  invariably  abundantly  fed  witli  running  water — a 

^^Pply  which  has  become  one  of  the  greatest  necessities  as  well  as  one 

^*  the  greatest  luxuries  of  civilized  life.     In  such  houses  the  water- 

^^i^age  system  for  the  disposal  of  household  wastes  of  all  kinds  has 

^^tid  favor  no  less  than  in  crowded  communities.     Here,  also,  it 

^^tails  a  diflBcult  problem,  i.  e.,  the  ultimate  disposal  of  large  quan- 

'*ties  of  noxious  sewage ;  and  for  the  house  no  less  than  for  the  com- 

^^iiity  it  is  important  to  secure  this  ultimate  disposal  in  such  a  way 

•^  to  avoid  the  creation  of  any  insanitary  focus  or  foci  in  the  environ- 

^^nt,  or  any  infringement  of  the  laws  of  hygiene  and  sanitation. 


6  THE    PURIFICATION    OF    B08TON   SEWAGE. 

Moved  by  the  magnitude  and  gravity  of  the  sewage-disposal  prob- 
lem as  it  concerns  householders  and  communities,  an  anonymous 
friend  of^the  Massachusetts  Instftute  of  Technology,  in  1902,  pre- 
sented to  that  institution  the  sum  of  $5,000  a  year  for  three  years,  foi 
the  purpose  of  making  experiments  on  sewage  purification  and  of  giv 
ing  the  widest  possible  publicity  to  means  or  methods  by  which  th( 
present  too  often  crude  and  imperfect  systems  may  be  improved.  Ii 
a  letter  which  constituted  a  virtual  deed  of  gift,  the  donor  designate 
a  preference  for  the  following  lines  of  activity : 

1.  For  keeping  up  with  the  investigations  of  the  best  workers  in  all  countries. 

2.  For  utilizing  this  knowledge  in  the  work  of  the  Massachusetts  Institute  of  Technologj 

3.  For  original  experiments. 

4.  For  distributing  all  over  the  country  the  results  of  the  work  in  such  words  that  he  wh 
runs  may  read. 

5.  For  inciting  student-s  to  make  plain  and  simple  statements  of  the  results  of  thei 
studies. 

The  gift  thus  made  w  as  gratefully  accepted  by  the  authorities  of  th 
Massachusetts  Institute  of  Teclmology,  and  the  planning  and  organi 
zation  of  the  work  to  be  done  were  assigned  by  them  to  the  writei 
head  of  the  department  of  biology,  who  had  for  some  years  served  a 
lecturer  in  the  Institute  on  sanitary  science  and  public  health,  and  ha 
also  gained  considerable  experience  in  sewage  purification  during 
connection  of  several  years  with  the  work  of  the  State  board  of  healt 
of  Massachusetts.  In  view  of  the  limited  means  available  and  th 
long-continued  and  well-known  investigations  of  the  Massachusett 
State  board  of  health  at  the  Lawrence  experiment  station,  dealin 
chiefly  with  the  sewage  of  an  inland  city;  in  view,  also,  of  the  increas 
ing  use  of  harbors  for  the  disposal  of  the  sewage  of  seaboard  towns 
wath  the  growing  dangers  of  contamination  of  shellfish,  pollution  o 
bathing  beaches,  and  the  like;  and  especially  in  view  of  the  desira 
bility  of  making  the  new  work  of  practical  educational  value  to  th 
students  of  the  Institute  of  Technolog^^,  who  might  carry  away  wit! 
them  into  active  life  and  to  all  parts  of  the  country  the  results  of  pei 
sonal  knowledge  of  the  work,  it  was  decided  to  establish  a  sanitar 
research  laboratory  and  sewage  experiment  station  on  the  main  trua 
sewer  of  the  south  metropolitan  system  of  the  great  seaboard  city  c 
Boston.  The  precise  point  finally  chosen,  near  the  comer  of  Massa 
chusctts  avenue  and  Albany  street,  has  proved  very  convenient  an< 
favorable.  Here  a  piece  of  land  formerly  occupied  by  a  livery  stabl 
was  secured  on  a  long  lease,  the  stable  itself  was  turned  into  a  taa 
house,  and  a  smaller  building  on  the  premises  was  fitted  up  as  ai 
office,  with  chemical  and  bacteriological  laboratories  connected.  Ope) 
space  enough  remained  for  the  construction  later  of  outdoor  filter 
and  a  large  trickling  filter.  Permission  was  obtained  for  makinj 
connections  with  the  main  trunk  sewer  of  the  south  metropolitai 
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em  on  its  way  to  the  sea  at  a  point  where  it  contained  the  sewage 
contributing  population  of  about  half  a  million  people,  and  for 
nng  sewage  from  this  sewer  as  needed.  A  pump  was  installed, 
[s  were  constructed  for  tests  of  various  methods  of  sewage  purifi- 
3n,  and  a  working  organization  was  eflfected  by  the  formal 
ointment  of  the  writer  as  director,  of  C.-E.  A.  Winslow  as  biologist 
harge  of  the  laboratory  and  station,  and  of  Earle  B.  Phelps,  a 
luate  of  the  Institute  in  the  department  of  chemistry,  and  for  some 
"s  assistant  at  the  Lawrence  experiment  station  of  the  Massa- 
jetts  State  board  of  health,  as  research  chemist  and  bacteriologist. 
ill  description  of  the  laboratory  and  experiment  station  is  given 
)ages  97-107,  illustrated  by  figs.  10-14. 

he  elaborate  and  long-continued  experiments  of  the  State  board 
ealth  of  Massachusetts  at  the  Lawrence  experiment  station  on 
rmittent  sand  filtration  as  a  means  of  sewage  purification  made 
Ivisable  to  set  up  only  three  filters  of  this  kind,  largely  for  demon- 
tion  purposes  and  for  the  benefit  of  students.  To  the  so^alled 
ic-tank  method  it  was  felt  necessary  to  give  somewhat  more  atten- 
,  the  value  of  this  process  under  various  conditions  being  still 
ewhat  problematical;  and  to  the  contact  system  much  attention 
given  for  the  same  reason.  More  recently,  continuous  filtration 
neans  of  trickling  filters  has  come  to  the  front,  particularly  in 
land,  and  this  system  of  disposal  has  therefore  required  especially 
ful  consideration  and  study. 

3  a  prerequisite  for  all  these  investigations  it  was  plainly  necessary 
lake,  in  the  first  place,  careful  examinations  of  the  character  and 
unt  of  the  sewage  actually  discharged  by  the  south  metropolitan 
?m  of  Greater  Boston.  The  results  of  these  examinations  have 
tdy  been  published,  together  with  other  papers,  in  vol.  1  of  "Con- 
itions  from  the  Sanitary  Research  Laborator^^  and  Sewage  Experi- 
t  Station  of  the  Massachusetts  Institute  of  Technology,''  of 
ih  the  present  work  is  volume  2.  Volume  1  appeared  originally 
le**  Journal  of  Infectious  Diseases,"  volume  1,  supplement  No.  1, 
ago,  1905,  and  was  also  reprinted  as  a  separate  brochure.  This 
T  was  in  large  demand  and  is  now  unfortunately  out  of  print, 
a  limited  number  of  the  copies  of  the  ^'Journal  of  Infectious 
ases''  containing  these  papers  may  still  be  purchased  from 
publishers.  As  a  niatt(»r  of  record  the  titles  of  the  papers  may 
be  given,  as  follows: 

5  chemical  and  bacterial  conijx)siti<ni  of  the  sewage  discharged  into  Baston  Harbor 
the  south  metropolitan  district,     C.-E.  A.  Winslow  and  E.  B.  Phelps. 
J  number  of  bacteria  in  sewage  and  sewage  effluents  determined  by  plating  upon  difTer- 
edia  and  by  a  new  njetliod  of  direct  microscopic  enumeration.     C.-E.  A.  Winslow 
)  mode  of  action  of  the  contact  filter  in  sewage  purification.     E.  B.  Phelps  and  F, 
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A  critical  study  of  the  methods  in  current  use  for  the  determination  of  free  and  albuminoid 
ammonia  in  sewage.     E.  B.  Phelps. 

The  determination  of  the  oi^anic  nitrogen  in  sewage  by  the  Kjeldahl  process.  E.  B. 
Phelps. 

Test  of  a  method  for  the  direct  microscopic  enumeration  of  bacteria.  C.-E.  A.  Winslw 
and  G.  E.  Willcomb. 

The  present  volume  contains,  first,  a  careful  and  elaborate  historical 
review  of  the  whole  sewage-disposal  problem  from  its  origin  in  the 
wide  adoption  of  the  water-carriage  system  up  to  the  present  time, 
when  that  system  has  become  practically  universal  This  interesting 
review  can  not  fail  to  be  of  the  highest  value  to  expert  engineers,  sew- 
age commissioners,  and  communities  all  over  the  United  States,  espe- 
cially  those  numerous  small  communities  which  are  confronted,  per- 
haps for  the  first  time,  with  a  problem  which  means  so  much  for  the 
health  as  well  as  the  finances  of  the  citizens. 

Following  the  historical  review  is  a  full  description  of  the  experi- 
ments thus  far  made  on  the  sewage  of  a  great  American  seaboard  city, 
together  with  comparisons  with  similar  work  done  elsewhere,  with  prac- 
tical conclusions  which  have  been  drawn  from  the  experiments  and 
specific  statements  concerning  the  comparative  merits  of  various  sys- 
tems of  purification  tested.  These  are  by  no  means  applicable  merely 
to  large  cities  or  to  seaboard  cities,  but  contain  lessons  of  practical 
value  for  all  sorts  of  communities  having  to  deal  with  the  ever 
present  sewage-disposal  problem. 

Tliis  report  is  by  no  means  final,  for  experiments  are  still  in  progress 
not  only  along  these  lines  but  also  along  others  more  recently  devel- 
oped. In  particular,  the  percolating,  trickling,  or  continuous  filtK 
method  is  being  more  extensively  tested,  with  results  which  it  is  hoped 
may  be  ready  for  publication  by  the  end  of  another  year. 

The  donor  of  the  original  gift  has  consented  to  continue  the  work 
for  the  fourth  and  fifth  years — an  immense  advantage  in  work  of  this 
kind^  which  grows  in  interest  and  value  with  the  lapse  of  time  as  well 
as  with  the  experience  gained  by  the  workers  on  the  problems  involved. 
In  consonance  with  the  wishes  of  the  donor  as  expressed  in  the  deed 
of  gift,  it  is  the  intention  of  the  director  to  prepare^  a  brief  popular 
statement  of  the  facts  contained  in  this  volume,  in  language  so  sim- 
ple that  citizens,  boards  of  health,  and  sewerage  commissions  may 
readily  avail  themselves  of  the  information  here  contained,  and  so  that, 
as  desired  ])y  the  donor,  *'he  who  runs  may  read.'' 

The  work  here  described  and  the  results  here  recorded  have  no  con- 
nection with  the  well-known  work  of  the  State  board  of  health  of 
Massachusetts  and  no  official  connection  with  the  city  of  Boston  or 
any  of  its  departments.  They  proceed  entirely  from  an  educational 
institution — the  Massachusetts  Institute  of  Technology — and  all  the 
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;ers  and  workers  at  the  laboratory  and  station  have  been  either 
«rs,  graduates,  or  students  of  the  Institute. 
■,  however,  as  is  quite  within  the  bounds  of  possibility,  it  should 
•  become  necessary  to  purify  the  sewage  of  Greater  Boston,  or  of 
part  of  it,  before  discharging  it  into  the  waters  of  Boston  Harbor, 
•e  is  reason  to  believe  that  these  studies  may  have  a  practical  local 
le  in  proportion  to  their  cost.  Meantime,  it  is  the  wish  of  the 
ctor  no  less  than  of  the  donor  that  they  may  be  found  immedi- 
y  serviceable  to  numerous  American  communities  confronted  with 
sewage-disposal  problem  and  seeking  means  for  its  solution. 
1  addition  to  those  persons  already  mentioned,  the  working  staflf 
he  laboratory  and  station  has  included,  for  longer  or  shorter  peri- 
Prof.  S.  C.  Prescott,  of  the  Massachusetts  Institute  of  Technology; 
F.  E.  G.  Smith,  of  Beloit  College;  Miss  Anne  F.  Rogers,  and  Messrs. 
rge  R.  Spalding,  Frederick  W.  Farrell,  George  C.  Bunker,  George 
Villcomb,  James  A.  Newlands,  William  H.  Beers,  and  William  T. 
center,  all  of  whom  have  contributed  directly  or  indirectly  to  the 
ussions  and  results  contained  in  this  volume. 

JlSSACHUSETTS   iNSTirUTE    OF   TECHNOLOGY, 

Boston,  Aprilj  1906. 


ISTORY  OF  THE  SEWAGE-DISPOSAL   PROBLEM. 

NATURE    OF   THE    PROBLEM. 

he  disposal  of  waste  is  a  fundamental  problem  for  all  living 
jiisms.  As  the  body  takes  in  food  and  builds  it  up  into  its  own 
iliar  structure,  so  it  must  continually  break  down  and  give  oflF 
te  products,  which,  as  a  rule,  if  they  accumulate,  prove  poisonous 
ae  organism  itself.  This  is  the  case  with  the  individual;  it  is  still 
e  the  case  when  large  numbers  of  organisms  are  closely  congre- 
d  together  in  communities.  The  political  body  resembles  the 
nisms  of  which  it  is  composed  in  no  merely  fanciful  sense.  It  is 
ect  to  the  laws  of  organic  life;  it  has  its  income  and  its  outgo;  and 
lure  to  remove  the  waste  products  of  its  life  processes  is  inevitably 
^erous  to  the  units  of  which  it  is  composed. 

L  spite  of  these  facts,  the  attempt  at  scientific  waste  disposal  is 
paratively  recent.  The  Cloaca  Maxima  and  the  other  so-called 
jrs  of  antiquity  were  rather  drains  than  sewers,  and  their  fimction 
to  lower  the  ground-water  level  and  not  primarily  to  remove 
etal  wastes.  Until  1815  the  discharge  of  any  waste  but  kitchen 
i  into  the  drains  of  London  was  j)rohibited  by  law,  and  the  same 
lation  persisted  in  Paris  up  to  1880.     Sewerage  and  sewage  ^jtM 
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posal  proper  really  date  from  the  epoch-making  report  of  th( 
of  towns  commission  of  Great  Britain  in  1844,"  which  revea 
accumulation  of  such  an  astonishing  amount  of  decomposing 
matter  and  filth  of  all  kinds  in  the  cities  that  it  aroused  Briti 
tarians  to  a  strong  movement  for  the  amelioration  of  these  coi 
and  led  to  the  development  of  the  filth  theory  of  disease — the 
that  disease  is  bred  in  heaps  of  decomposing  filth.  This  pyt 
theory  of  Chadwick  and  Murchison  we  now  know  to  be  wroi 
essential  assumption  that  infective  material  is  created  de  r 
decaying  organic  matter;  yet  it  was  right  in  laying  emphasis 
as  a  carrier  of  disease.  The  wonderful  administrative  work 
British  sanitarians,  acting  on  this  partially  erroneous  theor>% 
the  greatest  sanitary  progress  which  has  probably  ever  been 
Public  and  private  cleanliness  was  taught  and  practiced  a 
before.  The  midden  system  and  the  pail  system  rapidly  gave 
the  water-carriage  system.  Whereas  m  1815  the  sewers  of 
were  simply  drains  to  carry  off  the  storm  water — the  discharge 
age  into  them  being  forbidden  by  law — in  1847,  only  three  yea 
the  report  of  the  health  of  towns  commission,  it  was  made  ob! 
to  discharge  all  sewage  into  those  drains. 

In  other  countries  the  example  set  in  England  was  more 
promptly  followed.  In  the  United  States  numerous  drains 
tems  existed,  one  in  Boston,  for  example,  dating  from  the  seve 
century;  but  the  first  comprehensive  sewerage  project  was  d 

a  Frecjuent  reference  will  be  made  to  the  Investigations  of  the  royal  commissions  of  Gre 
and  in  order  to  avoid  confusion  the  following  chronological  summary  of  the  work  of  those  c< 
which  have  dealt  with  sewage  disposal  and  allied  subjects  is  quoted  from  A.  J.  Martin: 

1843.  Royal  commission  appolnte<i  "to  inquire  into  the  present  state  of  large  towns  and  po 

tricts"  (health  of  towns  commission). 

1844.  First  report  of  health  of  towns  commission. 

184.5.  Second  and  final  report  of  health  of  towns  commission. 

1857.  Royal  commission  appointed  to  inquire  as  to  the  best  means  of  distributing  the  scwa] 

(sewage  of  towns  commission). 

1858.  Preliminary  report  of  sewage  of  towns  commission. 
1861.  Second  report  of  sewage  of  towns  commission. 

18fi5.  Commission  appointed  to  Inquire  in  the  best  moans  of  preventing  the  pollution  of  ri^ 
pollution  commission). 
Third  report  of  sewage  of  towns  commission. 
1868.  Second  rivers  pollution  commission  appointed. 

1870.  First  and  second  reports  of  rivers  pollution  commission. 

1871.  Third  report  of  rivers  pollution  commission. 

1872.  Fourth  and  fifth  reports  of  rivers  pollution  conunission. 
1874.  Sixth  and  final  report  of  rivers  pollution  commission. 

1882.  Commission  appointed  to  inquire  into  the  efTects  of  the  discharge  of  the  sewage  of  the 
into  the  river  Thames  (metropolitan  sewage  commission). 

1884.  First  report  of  metropolitan  sewage  commission. 

1885.  Second  and  final  report  of  metropolitan  sewage  commission. 

18D8.  Commission  appointed  to  inquire  and  report  what  methods  of  treating  aQd  disposini 

may  properly  l»e  adopted  (royal  sewage  commission). 
1901-2.  Interim  report  of  royal  sewage  commission. 

1902.  Second  report  of  royal  sewage  commission. 

1903.  Third  report  of  royal  sewage  commission. 

1904.  Fourth  report  of  royal  sewage  commission. 
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by  E.  S.  Chesbrough  for  the  city  of  Chicago  in  1 855.  On  the  continent 
of  Europe  a  sewer  system  was  constructed  at  Hamburg  after  the  great 
fire  of  1842,  by  Lindley,  an  English  engineer.  Berlin  began  her  sewer- 
age in  1860  and  other  German  systems  quickly  followed.  France  and 
the  Latin  countries,  though  still  somewhat  inadequately  sewered,  are 
making  progress.  No  law  of  sanitation  is  now  more  clearly  recog- 
nized than  the  principle  that  the  wastes  of  human  life  must  be  diluted 
with  ah  adequate  supply  of  water  and  quickly  removed  from  the 
r^on  of  habitation. 

With  the  establishment  of  the  water-carriage  system  the  diflficulty 
was  shifted  from  the  individual  to  the  community.  The  insanitary 
conditions  surrounding  the  dwelling  were  relieved,  but  at  some  point 
on  the  outskirts  of  the  city  the  concentrated  filth  from  its  entire  popu- 
lation must  be  disposed  of.  The  vast  volume  of  water  in  which  the 
excretal  elements  are  distributed  makes  the  problem  only  more  diffi- 
cult. In  England  the  average  daily  flow  of  sewage  is  about  25  gal- 
lons per  capita.  In  Ijondon  it  is  34  gallons  (R.  S.  C,  1902  b").  In 
the  United  States,  on  the  other  hand,  the  flow  in  several  small  Massa- 
chusetts cities  is  estimated  at  about  100  gallons  (Fuller,  1903).  while 
for  the  south  metropolitan  district  of  Boston  it  is  over  250  gallons 
(Winslow  and  Phelps,  1905).  In  the  latter  case  the  yearly  flow  of 
sewage  amounts  to  46  billion  gallons — a  fair-sized  river.  The  organic 
Matter  to  be  treated  includes  during  the  year  over  1,500,000  kilo- 
vTams  of  nitrogen  in  the  form  of  free  ammonia  alone.  The  treatment 
^f  such  a  volume  of  waste  material  offers  a  problem  in  ap[)lied  chem- 
5try  of  no  mean  magnitude. 

The  undesirable  constituents  i:i  sewage  may  be  considered  under 
^o  heads — living  germs  and  dead  organic  matter.  The  first  create 
isease;  the  second  breeds  nuisances.  The  germs  of  almost  any  dis- 
^e  of  man  or  the  lower  animals  may  gain  access  to  sewage,  and,  in 
^e  case  of  typhoid  fever  in  particular,  the  infection  may  be  trans- 
utted  through  its  agency  so  as  to  cause  epideinics  on  a  disastrous 
'ale.  The  experiments  of  Jordan,  Russell,  and  Zeit  (1904)  and  of 
Tost  (1904)  indicate  that  typhoid  bacilli  in  water,  and  particularly 
^  sewage-polluted  water,  for  the  most  part  die  in  a  few  days.  Yet 
ie  statistics  of  Lowell,  LawTence,  Chicago,  Philadelphia,  Pittsburg, 
fid  Newark  indicate  that  the  typhoid  geriiLs  which  survive  a  so- 
>urn  in  sewage  and  water  are  sufficiently  numerous  to  produce 
^lious  results.  Therefore  where  shellfish  are  taken  from  an  estuary 
ito  which  sewage  is  discharged  it  is  desirable  to  subject  the  sewage 

*  Complete  references  to  all  llteratiiro  citod  in  this  roport  will  hv  found  in  the  bibllopraphy  at  the  end. 
^ferencea  in  the  text  include  the  namo  of  tho  authority  (the  Initials  in  the  case  of  the  British  cominis- 
ons)  and  the  date  of  publication,  with  a  distinguishing  letter  in  case  more  than  one  volume  api>eared 
J  a  single  year.    This  serves  simply  to  identify  the  article  or  book,  the  full  title  of  which  is  given  in  tha^ 
ibliography.  jM 
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to  some  process — such  as  sand  filtration — which  effects  a  considerable  | 
reduction  in  bacterial  content;  and  the  sterilization  of  an  effluent  1 
after  its  complete  oxidation  might,  under  certain  conditions,  prove  I 
desirable.  As  a  rule,  however,  if  the  effluent  from  a  sewage  plant  as ' 
discharged  into  a  stream  is  clear  and  nonputrescible,  the  process  is 
considered  to  be  satisfactory.  It  is  becoming  more  and  more  clearly 
recognized  that  all  polluted  waters,  perhaps  all  surface  waters,  should, 
before  they  are  used  for  drinking,  be  treated  by  water  filters  designed 
for  the  special  purpose  of  removing  disease  germs.  If  such  filtration 
as  this  is  to  follow,  it  is  unnecessary  to  place  on  the  sewage-purifica- 
tion works  the  extra  burden  of  bacterial  removal.  The  immediate 
and  pressing  need  at  the  sewer  outfall  is  the  disposal  of  the  organic 
matter,  which  threatens  to  create  a  nuisance  by  its  decomposition. 
This  organic  matter  may  often  be  rendered  harmless  by  means  quite 
different  from  those  calculated  to  effect  high  bacterial  removal. 
When  such  is  the  case,  it  is  scarcely  fair  to  hamper  the  essential  task 
of  sewage  disposal  by  demanding  a  bacterial  purification  which  can 
be  better  attained  by  subsequent  special  treatment  in  water  filters. 
All  sewage-purification  processes,  as  a  matter  of  fact,  materially 
reduce  the  number  of  bacteria  present;  but  this  must  in  general  be 
regarded  as  incidental,  the  success  of  the  process  being  gaged  chiefly 
by  the  fate  of  the  organic  matter. 

Where  the  waste  from  manufacturing  processes  is  abundant,  certain 
special  problems  are  introduced.  The  material  to  be  handled  may 
be  greatly  increased  in  amount  and  the  added  material  may  be 
organic  matter  of  a  specially  refractory  kind,  such  as  is  found  in  wool- 
scouring  waste,  tannery  waste,  and  brewery  waste.  Furthermore,  the 
presence  of  mineral  poisons  may  interfere  with  the  very  processes 
which  bring  about  the  purification  of  the  organic  matter  present. 
The  acid-iron  sewage  of  W^orcester  is  an  example  of  this  sort,  the  bio- 
logical processes  of  purification  being  appreciably  hampered  by  the 
waste  liquors  from  wire  mills.  The  waste  from  the  sulphite-pulp 
mills  ofl'ers  a  notable  example,  carrying  vast  amounts  of  refractory 
organic  matter,  together  with  antiseptics  which  prevent  any  bacterial 
treatment  until  they  are  removed.  Such  industrial  wastes  require 
specific  treatment  in  each  case,  generally  along  mechanical  and  chem- 
ical lines.  They  ofl'er  special  j)roblems  quite  distinct  from  the  main 
questipn  of  sewage  treatment,  to  which  it  is  desired  to  Umit  the 
present  ])aper. 

In  the  disposal  of  ordinary  domestic  sewage  it  is  primarily  dead 
organic  matter  which  must  be  dealt  with.  The  products  of  the 
metabolism  of  men  and  animals  and  the  partially  decomposed  waste 
materials  from  the  preparation  of  food  are  largely  made  up  of  imstable 
organic  compounds.  They  must  be  further  decomposed,  and  the 
decomposition  may  follow  eithet  oi  tvjo  dvii^Te^wt  courses.     Under 
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►rdinary  conditions  a  rapid  reduction  of  any  available  oxygen  first 
akes  place,  followed  by  an  incomplete  anaerobic  putrefaction,  accom- 
^nied  by  the  evolution  of  methane,  carbon  dioxide,  nitrogen,  hydro- 
jen,  and  various  ill-smelling  gases,  such  as  hydrogen  sulphide  and 
the  mercaptans.  Such  a  process  is  likely  to  create  a  nuisance  objec- 
tionable from  economic  as  well  as  esthetic  grounds.  The  odors  of 
decomposition  may  even  become  so  objectionable  as  to  menace  the 
public  health. 

The  history  of  the  organic  matter  is  quite  different  if  its  decompo- 
ntion  takes  place  in  the  presence  of  an  abundant  supply  of  oxygen. 
B  dry  organic  matter  is  burned,  it  is  converted  into  water  and  the 
oxides  of  carbon  and  nitrogen.  If  moist  organic  matter  is  allowed 
to  ferment  in  the  presence  of  an  ample  supply  of  oxygen,  a  slow  oxi- 
dation is  accomplished  by  the  activity  of  certain  micro-organisms, 
and  the  end  products  are  again  water,  carbon  dioxide,  and  nitrates. 
This  aerobic  fermentation  is  free  from  odor,  and  its  end  is  the  com- 
plete conversion  of  the  decomposition  products  into  harmless  inor- 
ganic constituents.  Such  an  oxidation  alone  can  finally  dispose  of 
the  excretal  products  and  prevent  the  obnoxious  conditions  attend- 
ant on  anaerobic  putrefaction.  This  is  the  rational  aim  of  all  proc- 
esses of  sewage  disposal,  which  may  be  defined  as  methods  for  the 
conversion  of  the  waste  products  of  organic  life  and  death  into  their 
oxidized  and  mineral  forms. 

COMPOSITIOX    OF    SEWAGES. 

Chemically  considered,  sewage  is  a  dilute  solution  and  suspension 
>f  certain  organic  and  inorganic  substances  in  water.  The  state- 
ment, originally  made  in  1890  by  Ilirarn  F.  Mills  and  often  quoted 
>y  subsequent  writers,  that  ^'  a  sewage  stronger  than  ordinary  would 
contain,  say,  998  parts  of  pure  water,  1  part  of  mineral  matter,  and 

part  of  animal  and  vegetable  matter,''  serves  its  intended  purpose 
Q  fixing  an  upper  limit  for  the  constituents  of  sewage,  l)ut  is  excessive 
3r  the  sewage  of  American  and  English  cities  in  its  estimate  of  solids, 
rom  the  data  available  it  may  bo  state;]  that  SOO  parts  per  million 
f  total  soUds,  as  agairst  2,000  parts  given  })y  the  standard  men- 
oned,  is  a  Ufeeral  figure  for  American  cities  and  is  exceeded  by  few; 
IngUsh  cities  may  average  about  twice  as  much,  while  the  conti- 
ental  European  cities  vary  widely,  but  in  few  easels  exceed  2,000 
arts. 

Of  the  total  solids  in  a  sewage  it  ma}'  be  said  roughly  that  from 
[)  to  70  per  cent  is  in  solution,  either  true  or  colloidal,  the  remainder 
eing  insoluble  matter  in  suspension.  Measured  by  the  nature  of 
le  soUds,  about  one-half,  as  a  rule  is  volatile  on  ignition,  represent- 
ig  in  the  main  organic  matter,  while  the  remainder,  called  the  fixed 
)lids,  represents  the  mineral  matter  originaWy  pTcs>e\\V»,  ^^  ^^\k  % 
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the  mineral  ash  of  the  organic  matter.  The  fact  should  be  emphi- 
sized  in  this  connection  that  many  mineral  substances  are  lost  o& 
ignition  and  that  the  combustion  of  nearly  all  organic  substances 
occurring  in  nature  leaves  a  greater  or  less  amount  of  mineral  ash. 
By  far  the  larger  part  of  the  fixed  solids  is  found  dissolved,  thig 
amount  on  the  average  reaching  about  75  per  cent  of  the  total,  most 
of  the  remainder  being  sand  or  other  insoluble  matter,  largely  derived 
from  street  washings.  The  division  of  the  organic  matter  is  about 
equal  between  dissolved  and  suspended  matter. 

Concerning  the  character  of  the  mineral  matter  present,  it  may  be 
said  that  the  portion  in  solution  is  of  little  consequence  in  relation 
to  sewage  treatment.  It  consists  largely  of  sodium  chloride.  In 
certain  special  cases  dissolved  mineral  matter  may  be  precipitated 
during  treatment  and  become  burdensome.  This  is  especially  the 
case  where  iron  salts  are  present  in  considerable  amoimt.  The 
insoluble  mineral  matter  and  the  mineral  residue  from  organic  matter 
concern  the  present  discussion  more  immediately,  since  in  many 
processes  of  treatment  these  materials  will  accumulate  to  the  detriment 
of  filters.  They  normally  amount  to  perhaps  10  per  cent  of  the  total 
solids  and  in  the  case  of  cities  sewered  on  the  separate  system  will 
not  vary  materially  from  that  proportion.  Combined  sewers,  how- 
ever, admitting  storm  water  from  the  streets,  deUver  an  immense 
•amount  of  sand  and  similar  material  during  a  storm,  for  the  care  of 
which  some  provision  must  be  made  at  the  disposal  plant.  No  esti- 
mate can  be  made  of  the  amount  of  such  material  likely  to  be  deliv- 
ered. It  will  depend  entirety  on  local  conditions,  especially  on  the 
nature  of  the  streets  and  the  soil  and  on  the  severity  of  storms. 

The  character  of  the  organic  matter  is  of  much  greater  importance- 
It  is  customary  to  speak  of  nitrogenous  and  carbonaceous  matte^' 
although  the  nitrogenous  matter  contains  as  a  rule  more  carbon  th^^ 
nitrogen.  Since,  however,  organic  matter  containing  nitrogen  giv'^ 
rise  on  decomposition  to  products  ofl^ensive  to  the  senses,  and  sin^ 
the  various  products  of  its  oxidation  are  readily  determined  by  siir  ^ 
pie  analytical  methods,  much  greater  stress  has  always  been  laid  cr-- 
the  nitrogen  in  sewage  than  on  any  other  element.  The  total  nitrC^ 
gen  value  for  American  city  sewages  may  be  roughly  {^aced  at  froi^ 

15  to  35  parts  per  million.     Of  this  amount  from  one-third  to  one^ 
half,  depending  on  the  condition  of  the  sewage,  will  be  in  the  form  o^ 
free   or    saUne    ammonia,   largely  as    anmionium  carbonate.     Th^ 
remainder,  say  from  10  to  25  parts  per  million,  exists  in  combinations 
as  organic  nitrogen.     I'he  nitrogenous  organic  material  present  in- 
part  results  from  the  breaking  down  of  proteid  or  albuminous  mate- 
rial in  digestion  and  in  part  represents  unaltered  proteid  material. 
Albumin  contains  about  16  per  cent  of  nitrogen,  while  its  decompo- 
sition products — leucine,  tyrosine,  and  vodovis  other  amido-acids — 
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itain  from  8  to  10  per  cent,  so  that  10  per  cent  may  perhaps  be 
cen  as  an  average  value  for  the  i  itrogen  in  the  nitrogenous  mate- 
1.  This  gives  an  amount  of  such  material  equal  to  from  100  to 
}  parts  per  million  in  the  sewages  under  discussion.  Roughly, 
out  one-half  of  this  nitrogenous  material  is  carbon  in  organic  com- 
lation,  givirg  from  50  to  125  parts  per  million  of  carbon.  The 
:al  carbon  of  such  sewages  may  be  expected  to  be  between  100  and 
[)  parts,  say  200  for  an  average,  of  which  perhaps  75  parts  are 
md  in  the  nitrogenous  material.  This  leaves  125  parts  of  carbon 
carbonaceous  (nonnitrogenous)  material,  of  which  the  greater 
rt  is  cellulose  or  some  other  carbohydrate  and  fat.  From  the 
ther  meager  data  available  as  to  the  amount  of  fat  i  i  sewage,  it 
ly  be  concluded  that  50  parts  per  milUon  is  perhaps  a  fair  average 
ure.  Seventy  per  cent  of  the  fat,  or  35  parts,  is  carbon,  which, 
ducted  from  the  125  parts  previously  mentioned,  leaves  about  90 
»rtvS  of  carbon  as  carbohydrate.  The  proportion  of  carbon  in  car- 
>hydrates  being  taken  at  46  per  cent,  this  gives  200  parts  per  mil- 
m  of  carbohydrate.  The  figures  thus  deduced  may  be  taken  as 
ir  average  figures  for  American  sewages.  Considerable  variation 
om  the  estimates  may  be  found,  amounting  to  perhaps  50  per  cent 
1  either  side,  but  the  relative  amounts  seem  to  be  fairly  constant 
I  far  as  can  be  judged  from  available  data.  For  the  sake  of  clear- 
Jss  these  typical  figures  are  tabulated  below: 

Com-poHition  of  an  ideal  sewage. 

[Farts  per  million.a] 

Total.       In  solution.'^"  g'on'^"' 


_  evapo] 
^ral  and  aan . . 
an  c  and  volatile 

Nitrogenous 

Nitrogen 

Carbon /.•»  i. 

H,  O,  S,  P,etc « 60   . 

Nonnitrogenous Z'lO  L 

Fats,  etc rrf)  i . 

Carbon 35  I . 

H,0 ir,   . 

Carbohydrates |  aK)   . 

Carbon I  «)   . 

H,0,etc 110   . 

Total  carbon 200   . 

Total  nitrogen l.*)    . 

Total  H,  O,  S.  P,  etc \K,   . 


800 

.%0 

300 

400 

300 

100 

400 

200 

200 

l.W 

15  ... 

Vn  analytical  results  in  this  roport  arc  oxpn'Ss«'<l  In  piirtspor  million.  Data  oitj^i  from  other 
loritiea  have  been  convert imI  to  thr  sanu-  basis. 

In  order  to  change  those  figures  to  grams  per  capita  per  day  it  is 
ly  necessary-  to  inuUiply  by  0..S8,  a  daily  flow  of  100  gallons  j)er 
pita  being  assumed. 

The  sewage  of  English  cities  is  in  general  stronger  than  the  figures 
ren  here  for  a  typical  American  sewage.  Analyses  pn»viously  corn- 
led  (Winslow  and  Pliel])s,   1905)  indicate  that  the  tot^il  ^olvds  \.\v 
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European  sewages  will  average  about  1,500  parts  per  million,  with 
a  range  of  from  500  to  2,100  parts.  The  organic  constituents  ako, 
as  measured  by  total  organic  nitrogen,  indicate  that  European  sew- 
ages are  twice  as  strong  as  American.  Values  for  oxygen  consumed 
are  not  comparable  on  account  of  differences  in  analytical  methods, 
but  those  for  free  ammonia  are  much  more  nearly  equal  in  the  two 
cases. 

The  amount  of  oxygen  required  to  convert  these  organic  sub- 
stances into  the  mineral  form  is  considerable.  Dibdin,  as  shown  in 
Table  I,  estimates  it  at  from  one  to  three  times  the  weight  of  the 
organic  substance  to  be  acted  on. 

Table  I.— Paris  of  oxygen  required  to  oridire  one  pari  of  fvrunis  organic  tubibnm 

(Dibdin.  190S). 


Substance. 


trogen. 


Gelatin 0.523 

Chondrin .411 

Albumen .457 

Cellulose,  woody  flb<'r | 

Starch... i 

Fat,  stearic  acid 


Diflerenoe, 

oraddl- 

Oxygen 

tional  oxy- 

ly the  hy- 
arogen. 

By  the 
carbon. 

Total. 

already 
present. 

gen  re- 
quired for 
complete 
ozldatioa. 

0.528 

1.333 

2.384 

0.251  '           2.113 

.568 

1.310 

2.289 

.294 

L«5 

.568 

1.414 

2.439 

.220 

1219 

.496 

1.184 

1.680 

.494 

ll» 

.496 

1.184 

1.680 

.494 

DM 

1.016 

2.025 

3.041 

.113 

2.88 

The  problem  of  sewage  disposal  is  to  supply  this  required  oxygen 
and  to  supply  it  under  such  conditioFxS  that  it  will  unite  with  the 
organic  matter  to  be  eliminated. 

DISPOSAL  OF  SEWACJES  BY  DHAJTION  IN  LAKES,  RIYERS,  AND  THE  SEA- 

The  most  obvious  way  to  dispose  of  sewage  is  to  empty  it  int^ 
the  nearest  body  of  water.  Before  true  sewers  existed  the  natur^-' 
drains  discliar^jed  into  the  nearest  watercourse,  and  when  the  draii' 
became  filled  with  polluting  matttr  the  same  plan  was  followed 
Within  certain  limits  the  process  proved  a  success.  When  the  vc7 
ume  of  sewage  was  not  too  great  it  disappeared  by  dilution  and  w^ 
finally  removed  by  the  agencies  involved  in  the  "self-purification  ^ 
streams."  The  dilution  is,  of  course,  only  an  aid  to  purificatio' 
and  not  in  itself  an  active  agent  in  the  process.  A  drop  of  ink  i^ 
a  barrel  of  water  is  still  existent,  though  invisible.  Sedimentation 
too,  is  scarcely  in  itself  a  process  of  purification,  although  it  per 
forms  a  most  important  part,  separating  the  solids  and  storing  then 
so  that  other  agencies  may  have  time  to  act.  Oxidation  of  the 
organic  matter  is  the  real  purification  process,  and  it  is  by  virtue  ol 
tliis  process  that  streams  are  able  to  dispose  of  organic  pollutior 
when  they  do  so  successfully. 

The  oxidation  of  organic  matter  in  a  stream  or  pond  may  be 
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partly  due  to  direct  chemical  action.     In  the  main,  however,  it  is 
carried  out  by  the  activity  of  micro-organisms.     The  larger  micro- 
scopic forms,  the  Crustacea,  the  rotifera,  and  the  protozoa,  play  a 
part  the  exact  importance  of  which  is  hard  to  estimate,  especially 
in  the  consumption  of  the  soUd  particles.     The  alga?  and  other  green 
plants  exercise  an  important  influence,  as  shown  by  Bokomy  ( 1897) 
and  others.     The  chief  agents,  however,  are  the  bacteria,  particu- 
larly those  metatrophic  and  prototrophic  forms  which  liquefy  pro- 
teids,  liberate  free  ammonia  from  more  complex  compounds,  and 
oxidize  it  to  the  mineral  form. 

The  process  of  self-purification  of  streams,  though  a  real  process, 
is  a  slow  one.  The  rivers  pollution  commission  of  Great  Britain  con- 
cluded in  1874  that  sewage  mixed  with  twenty  times  its  volume  of 
pure  water  would  be  two-thirds  purified  in  flowing  168  miles  at  a 
rate  of  1  mile  an  hour.  I^ng,  in  1889,  made  a  careful  study  of 
this  process  in  the  Illinois  and  Michigan  Canal.  A  large  part  of 
the  sewage  of  Chicago,  diluted  with  the  water  of  Lake  Michigan, 
at  that  time  flowed  through  the  canal  for  a  distance  of  29  miles  at 
a  rate  of  about  1  mile  an  hour.  Analyses  from  Bridgeport  and  Lock- 
port,  at  the  beginning  and  end  of  the  canal,  as  shown  in  Table  II, 
gave  a  purification  of  23  per  cent  as  measured  by  albuminoid  ammo- 
nia and  27  per  cent  measured  by  oxygen  consumed,  with  a  removal 
of  46  per  cent  of  the  matter  in  suspension. 
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FlO.  1.— Diagram  illustrating  self-purificutlon  of  Sudlmry  River. 

I^^BiE  n. — AndlywB  of  woier  front  the  lUinois  and  Michigan  Canal  at  Bridgeport  and 
Lock-port  {Rafter  and  Baker.  ISOJi). 

[Parts  p<?r  million.a] 


Flaoe  collected. 


Bridgeport, 
-■-oclpport... 


Total 
solids. 


Matter 
in  sus- 


NitrogiMi; 


I  Chlorine. 


pension,    uitrntes. 


Hardness 

(CaCOs). 

I 


Nitrogen  as— 

1  Oxygen 

Albumi-       con- 
noid  am-    suraed. 


Free  am- 
monia. 


'I 


471.2 
431.2  ' 


129. 2 

m.  8 


4H.  1 


201.3 
207.  7  1 


10.  1 

S.9 


monia. 


2.1 
1.6  : 


22.1 
16.2 


aFreeand albamlnold  ammonia  values  throughou  t  this  paj)er  an»  expn'ssed  as  nitrogt»n.  The  method 
by  which  oxygen-consumed  det^^rminations  wen^  made  is  stated  whenever  it  could  be  ascertained  from 
tbe  original  reiwrts. 

IBS  186-~06 2 
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Streams  with  more  sluggish  flow  will  naturally  exhibit  a  great® 
purification  in  a  short  distance,  since  sedimentation  will  be  greater  and 
since  the  time  during  which  the  nitrifying  organisms  act  is  one  of  the 
chief  factors  involved.  Sudbury  River  in  Massachusetts,  for  example, 
is  heavily  polluted  at  Saxonville  by  the  wastes  from  a  woolen  mill. 
It  flows  rapidly  for  about  3  miles  below  the  mill  and  then  enters  an 
area  of  meadows  where  it  winds  along  through  a  weedy  channel  at  a 
rate  not  more  than  one-fourth  mile  an  hour.  In  an  investigation 
by  Woodman,  Winslow,  and  Hansen  ( 1902)  it  was  found  that  3  miles 
below  the  entrance  to  the  meadows  and  6  miles  below  the  mill  the 
chemical  constituents  of  the  stream  had  fallen  to  their  normal.  The 
relations  of  albuminoid  ammonia  and  dissolved  oxygen  on  one  of  the 
days  studied  is  indicated  in  fig.  1,  in  order  to  illustrate  the  progress  of 
the  purifying  process.  It  will  be  noticed  that  below  the  point  marked 
*' Point  of  pollution''  the  albuminoid  ammonia  is  greatly  increased, 
and  the  dissolved  oxygen,  being  absorbed  by  the  organic  matter,  is 
correspondingly  diminished.  Gradually,  however,  normal  condi- 
tions reassert  themselves,  more  oxygen  is  absorbed,  and  the  albimiinoid 
compounds  settle  out  and  are  oxidized.  At  the  station  6  mile^  below 
the  point  of  pollution  both  constituents  have  been  restored  to  their 
original  value.  Throughout,  the  reciprocal  variation  of  the  oxygen 
and  the  oxidizable  nitrogen  are  striking. 

Next  to  the  time  element  the  amount  of  available  dissolved  oxygen 
is,  as  this  diagram  suggests,  the  chief  condition  for  the  purification 
process;  and  the  whole  history  of  the  pollution  and  self -purification  of 
streams  may  be  traced  by  the  diminution  and  gradual  restoration  of 
this  constituent.  Dibdin's  studies  of  the  Thames  below  London  are 
most  significant  in  this  respect  and  illustrate  on  a  practical  scale  the 
enormous  volumes  of  the  oxidizing  agent  needed.  He  estimates 
(Dibdin,  1904)  that  2,000  tons  of  oxygen  are  absorbed  by  the  river 
between  Teddington  and  Southend  in  this  process.  The  proportion 
of  dissolved  oxygen,  expressed  as  '^Per  cent  of  saturation,^'  at  various 
points  along  the  river  on  the  high  tide  is  plotted  in  fig.  2  from  figures 
given  by  Dibdin  (1904)  for  1893-94.  As  the  river  enters  the  city 
between  Kew  and  Battersea  its  oxygen  content  falls  from  70  p^^ 
cent  to  43  per  cent,  and  the  progressive  pollution  continues  until  at 
Woolwich  the  oxygen  value  is  only  one-fifth  that  of  saturation. 
Below  Barking  Creek  the  heav^^  pollution  ceases,  absorption  of  oxy- 
gen overbalances  its  consumption,  and  the  normal  conditions  are 
gradually  restored.  The  same  general  relations  are  shown  in  Table 
III,  quoted  by  the  Connecticut  State  sewage  commission  ( 1899).  The 
ratio  of  oxygen  to  nitrogen,  which  changes  from  1 : 2  at  Kingston, 
above  ]x>ndon,  to  1 :  62  at  Greenwich,  is  most  significant. 
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-Dissolved  gases  in  the  Thames  ahove  and  below  London,  England  (Connecticut, 
_  1899).     Arudyses  by  Roscoe  and  SchoHemmer. 

[Cubic  centimeters  per  Uter.] 


>  of  gaa . 
de 


I  vin<».*^»   I  Hftmmer-     Somerset    !     Green- 
I  Kingston.        ^,^j,^  „^yj^_  ^j^^_ 


Wool- 
wich. 


gen  to  nitrogen . 


52,7 
30.3 
7.4 
15 
1:2 


62.9 

45.2 

1.5 

16.2 

1:10.8 

7,7.sl 

55.6    . 

4.1 
15.1 
1:17 

.25 
15.4 
1:62 

63.05 

48.30 

.25 

14-5 

1:58 


Erith. 


74.3 
57.0 
1.8 
15.5 
1:8.6 


in  any  river  the  proportion  of  organic  matter  is  slightly 
1  over  that  in  the  Thames  at  Woolwich,  the  small  proportion 
ired  oxygen  may  be  quite  consumed.     Conditions  change  and 


Fio.  2.     Diagram  illustrating  self-purification  in  the  Thamt»s.  Knglan<l. 

of  aerobic   nitrification,   anaerobic   putrefaction   is  set   up. 
elling  gases  are  produced,  and  in  phice  of  a  self-purifying 
i  septic  tank  or  open  cesspool  is  produced, 
is  evidently  a  critical  point  in  the  purification  of  sewage  by 
e  into  water.     Up  to  a  certain  point  the  organic  matter  is   . 
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successfully  nitrified.  As  soon,  however,  as  the  material  to  be  oxi 
dized  exceeds  the  available  oxygen,  aerobic  purifi^tion  stops  am 
putrefaction  takes  its  place.  Rideal  has  attempted  to  express  th 
relation  between  the  various  factors  involved  in  the  form  of  an  eqiM 
tion,  XO =C  (M  —  N)  S,  where  X  =  flow  of  a  stream,  O  =  parts  of  db 
solved  oxygen  in  the  water  of  the  stream  per  unit  flow;  S  =  volume ( 
sewage  or  effluent ;  M  =  parts  of  oxygen  consumed  by  a  unit  volun 
of  sewage;  N  =  parts  of  available  oxygen  in  the  form  of  nitrites  an 
nitrates,  and  C  =  a  constant.  When  the  available  oxygen  excee( 
the  demand  all  goes  well;  when  it  does  not,  trouble  ensues. 

The  ocean  furnishes  seaboard  cities  with  the  most  favorable  poss 
ble  conditions  for  disposal  in  water.  At  New  York  and  many  otb 
places  small  sewers  discharge  at  frequent  intervals  into  tide  wat€ 
In  Boston  this  method  caused  a  serious  nuisance,  and  as  a  result 
somewhat  more  elaborate  system  was  begun  in  1876.  Since  181 
two  main  sewers  have  discharged  into  the  harbor,  serving  the  cii 
and  surrounding  metropolitan  district,  which  includes  25  cities  ai 
towns  with  a  territory  of  nearly  200  square  miles.  The  sewage  of  t! 
region  north  of  the  Charles  flows  continuously  from  an  outlet  ne 
Deer  Island  Light  and  amounts  to  about  50  million  gallons  per  da 
The  sewage  from  the  region  south  of  the  Charles,  averaging  in  19< 
100  million  gallons  per  day,  has  been  discharged  since  1884  atMoc 
Island,  nearer  the  center  of  the  harbor.  Here,  in  order  to  protect  tl 
adjacent  shores,  it  has  been  thought  necessary  to  hold  the  sewage 
four  masonry  basins  and  to  discharge  it  only  on  the  outgoing  tid 
September  19,  1904,  a  third  outlet  was  opened  to  take  the  sewaj 
from  certain  high-level  regions  in  the  south  metropolitan  distric 
This  discharges  continuously  in  the  outer  harbor  near  Nut  Island  ai 
delivers  20  million  gallons  per  day,  leaving  the  diminished  flow 
Moon  Island  about  80  million  gallons.  Experience  has  shown  tb 
no  serious  nuisance  is  caused  by  the  Deer  Island  and  Moon  Isla: 
outlets.  The  sewage  in  the  first  case  disappears  within  1 J  miles  of  t 
outlet,  while  off  Moon  Island  the  sewage  stream  may  be  trac-ed  oi 
ward  round  the  south  end  of  Long  Island  for  perhaps  2  milips. 
both  cases  passing  boats  find  the  immediate  vicinity  of  the  out 
unpleasant,  and  near  Moon  Island  the  value  of  property  on  the  ma 
land  is  said  to  be  affected.  No  serious  menace  to  health,  however 
involved.  The  sewage  apparently  produces  no  permanent  damage 
the  harbor,  and  recent  investigations  carried  out  by  J.  H.  McMai 
and  A.  W.  Walker  in  the  laboratories  of  the  Massachusetts  Instit 
of  Technology  indicate  that  even  in  high  winds  there  is  no  tendei 
for  sewage  bacteria  to  be  carried  into  the  air  and  blowTi  shorewa 
So  popular  is  the  method  of  disposal  in  the  sea  that  according  t 
review  made  by  the  Massachusetts  State  board  of  health  in  II 
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CBfassachusettSy  1903)  nearly  one-half  the  population  of  that  State  is 

'tributary  to  such  systems.     In  general  they  have  proved  successful, 

although  a  serious  nuisance  is  created  in  some  places,  as  at  I^ynn, 

ijvhere  the  sewage  is  discharged  in  shallow  water  and  over  tidal  flats. 

In  any  case  it  is  certain  that  such  methods  of  disposal  will  prove  less 

and  less  satisfactory  from  year  to  year  as  the  volume  of  sewage  and 

the  concentration  of  shore  population    increase.     The    presence  of 

shellfish  beds  in  locations  affected  by  the  discharge  of  sewage  into 

f .      tide  water  is  a  special  problem  of  a  serious  nature  in  some  localities. 

i      It  has  been  exhaustively  treated  by  Fuller  ( 1905  b).     The  royal  sew- 

I       age  conunission,  in  an  extensive  report  on  the  shellfish  question  in 

5       1904  (R.  S.  C,  1904  c),  concluded  that  this  evil  is  a  grave  one,  but 

r       that  it  must  be  met  less  by  restricting  sewage  disposal  than  by  regu- 

f      lating  the  taking  and  storing  of  shellfish. 

I  The  discharge  of  sewage  into  inland  waters  is  less  likely  to  be  suc- 
:|  cessful  than  disposal  in  the  sea.  The  gravest  dangers  with  large 
-i  lakes  and  rivers  have  arisen  from  their  simultaneous  use  for  sewage 
disposal  and  water  supply,  as  in  the  case  of  Chicago  before  the  opening 
of  the  drainage  canal,  and  to  some  extent  since.  In  such  a  case  the 
water  supply  should  always  be  subjected  to  its  own  process  of  purifi- 
cation; yet  where  water  for  drinking  is  to  be  taken  below  the  sewage 
outlet  some  treatment  of  the  sewage  before  it  discharges  furnishes  an 
additional  safeguard  that  is  eminently  desirable.  With  smaller 
bodies  of  water  the  increasing  proportions  of  sewage  sooner  or  later 
exceed  the  purifying  capacity  of  the  stream  or  pond,  and  once  this 
point  is  passed  conditions  rapidly  become  intolerable.  Just  such  a 
condition  existed  in  the  Thames,  England,  prior  to  the  treatment  of 
the  sewage  of  London  by  chemical  precipitation  in  1890.  In  a  night 
Wp  down  the  river  during  one  of  the  investigations  of  the  metropoli- 
tan sewage  commission  of  1882  three  of  the  five  members  of  the 
commission  and  their  clerk  were  nauseated  by  the  odor.  Gross  nui- 
Stoces  of  this  sort  have  been  created  in  many  streams,  both  in  this 
^^Untry  and  in  England.  Blackstone  and  Nej)onset  rivers,  in  Massa- 
chusetts; Naugatuck  River,  in  Connecticut,  below  Waterbury;  Passaic 
'iiver  between  Paterson  and  Newark,  in  New  Jersey,  and  Chicago 
^iver  before  the  opening  of  the  drainage  canal  are  notorious  examples. 
By  the  examination  of  various  rivers  it  has- been  possible  to  fix 
fairly  well  the  practical  limits  wuthin  which  a  stream  can  purif>'  sewage 
^th  success.  Stearns  (1890)  estimated  that  a  stream  flow  of  7  sec- 
^^d-feet  could  safely  carry  the  sewage  of  1 ,000  persons,  while  if  the 
^Ow  were  reduced  to  2.5  second-feet  a  nuisance  would  result.  Hering 
^^^^88)  set  the  lower  limit  at  2.5  to  3.3  second-feet.  Goodnough 
^1^03),  after  a  careful  study  of  various  Massachusetts  streams  in 
^^^^imection  with  the  proposed  Charles  River  dam,  placed  the  certain 
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danger  line  at  3.5  second-feet  per  1,000  persons  and  found  that  with 6 
second-feet  trouble  rarely  follows.  Johnson  (1905)  converted  these 
figures  into  dilution  volumes  as  follows: 

Table  IV. — Proportions  of  sewage  which  can  be  discharged  into  a  stream  iciih  ta^fty  (J4t- 

son,  1905). 


Authority. 


I  Nuiaancr 
probftble. 


Heiing 

Goodnough. 


Ndain 
impob- 


linie 
lin23 


linS 


Roughly,  then,  it  may  be  said  that  a  stream  will  purify  one-fiftieti 
of  its  volume  of  sewage,  but  not  much  more.  In  summer,  when  the 
volume  of  diluting  flow  is  least,  the  high  temperature  accelerate  bac- 
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Fig.  3.  -Seasonal  variations  in  the  condition  of  Merrimac  River  at  lAwrenoe,  Mass. 

terial  action  and  makes  an  abundant  supply  of  oxygen  specially  ne^ 
essary.  Table  V  shows  for  Merrimac  River,  above  Lawrence,  ^ 
monthly  ratios  of  stream  flow  to  the  sewage-contributing  populatioD. 
estimated  at  185,000,  together  with  the  mean  monthly  temperatures 
and  the  dissolved  oxygen  in  the  river  water.  The  data  are  graphiw 
shown  in  fig.  3  and  bring  out  clearly  the  much  greater  demand  ontbf 
purifying  power  of  the  river  during  the  summer  months.  The  cur^ 
for  November  and  December,  1899,  is  worthy  of  special  notice,  sfl^* 
with  no  increase  in  dilution  a  fall  in  temperature,  with  its  consequ^^* 
slackening  of  fermentation  processes,  shows  a  marked  rise  in  dissol^^ 
oxygen.  Although  at  the  lowest  points  the  dilution  does  not  '*** 
below  Goodnough's  minimum  of  6  second-feet  and  although  the^ 
solved  oxygen  averages  do  not  show  complete  exhaustion,  the  n^ 
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Ls  sometimes  distinctly  offensive  during  the  summer.  Theoretically, 
while  any  dissolved  oxygen  remains  there  should  not  be  putrefaction; 
practically,  any  value  below  50  per  cent  of  saturation  is  likely  to  be 
accompanied  at  times  by  malodorous  conditions. 

The  data  in  the  following  table  are  taken  from  annual  reports  of  the 
Massachusetts  State  board  of  health  (Massachusetts,  1900  and  1901) 
and  from  Water-Supply  and  Irrigation  Papers  Nos.  35  and  47  of  the 
United  States  Geological  Survey  (1900  and  1901) : 

Table  V. — Seaaonal  conditions  in  Merrimac  River  at  Lawrence^  Mass, 


Month. 


Flow  per 


sewage  (860-    ''^^'^      ''' 


ond-feet).    i 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Average. 


42.6 
26.4 
64.5 
143.2 
51.6 
16.1 
13.4 

n.3 

10.8 
9.7 
15.1 
15.1 

34.5  i 


Dissolved 
oxygen 
(percent 
of  satura- 
tion). 


96.3 
88.1 
95.6 
99.3 
84.4 
71.1 
66.6 
58.3 
57.2 
53.7 
78.1 
84.3 

77.8 


1900. 


Flow  per 

Dissolved 

1 ,000  persons 
discharging 
sewage  (seo- 

Tempera- 
ture («F.;. 

oxygen 
(percent 
oisatura- 

ond-feet). 

Uon). 

18.2 

33 

81.6 

89.1 

34 

87.8 

87.7 

35 
41 

100 

99.1 

54.1 

54 
73 

21.4 

62.1 

9.8 

77 

59.4 

10.1 

75 

43.6 

8.2 

71 

32.5 

13.6 

62 

47.6 

31.6 

46 

91.2 

36.6 

38 

98 

39.9 

53 

70.3 

It  is  evident  that  for  inland  cities,  except  those  situated  on  the 
largest  lakes  and  rivers,  some  other  process  of  sewage  disposal  must 
be  substituted  for  the  direct  discharge  into  water.  In  England  this 
8  an  old  story.  The  first  of  the  royal  commissions  on  sewage  disposal 
nvestigated  the  subject  in  1857  and  reported  in  1865  that  the  only 
^'ay  to  prevent  the  pollution  of  rivers  was  to  purify  town  sewage  by 
iisposal  on  land.  A  second  royal  commission  on  rivers  pollution, 
•ppointed  in  1865,  made  five  exhaustive  reports  between  that  date 
,nd  1874,  and  a  third  commission,  on  the  metropolitan  district, 
eported  in  1884  that  treatment  of  London  sewage  was  essential  to  the 
protection  of  the  Thames.  In  the  United  States  the  Massachusetts 
eg^islature  in  1872  directed  the  State  board  of  health  to  investigate 
iiid  report  on  "  the  disposition  of  the  sewage  of  towns  and  cities,^^ 
eliciting  a  memorable  series  of  reports  from  William  Ripley  Nichols 
tnd  his  associates,  and  in  1886  the  Lawrence  experiment  station  was 
ounded  for  the  study  of  sewage-disposal  prol)leins.  To-day  23  cities 
n  the  State  of  Massachusetts  alone  maintain  purification  works, 
^.ccording  to  Fuller  (1905),  about  28,000,000  persons  in  the  United 
states  are  connected  with  sewerage  systems.  The  sewage  from 
20,400,000  is  discluirged  into  fresh  water  and  from  6,500,000  into  the 
3ea^  leaving  1,100,000  conrected  with  sewage-purificatio  \  works. 
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DISPOSAL   OF   SEWAGES   BY    BROAD    IRRIGATION   OR   SEWAGE   FARMING. 

The  most  obvious  alternative  to  the  discharge  of  sewage  into  wata 
is  its  distribution  over  the  surface  of  suitable  land,  allowing  the 
liquid  to  pass  through  to  join  the  great  reservoirs  of  ground  wat« 
below.  When  the  amount  of  sewage  on  a  given  area  is  not  excessive 
the  organic  solids  do  not  accumulate,  but  are  gradually  decomposed 
with  the  formation  of  soluble  products  beneficial  to  the  growth  of 
the  higher  plants.  The  disposal  of  waste  water  in  every  dooryard 
eariy  gave  an  illustration  of  this  process,  and  the  absorption  of  manure 
in  the  fertilization  of  land  indicated  the  great  power  of  the  purifying 
agents  involved. 

The  practice  of  sewage  disposal  by  broad  irrigation  gained  a  finn 
empirical  basis  long  before  there  was  any  compreher.sion  of  the  true 
principles  involved.  At  Bunzlau,  Prussia,  for  example,  in  the  six- 
teenth century,  the  water  from  a  famous  spring  was  dehvered  to  the 
inhabitants  and  a  primitive  sewer  installed.  The  sewage  from  the  . 
outfall  was  distributed  for  irrigation  on  privately  owned  farms  as 
early  as  1559  with  marked  success  (Du  Marte,  1883).  At  the  Craig- 
en tinny  meadows  part  of  the  sewage  of  Edinburgh  has  been  treated 
by  irrigation  for  over  two  hirulred  years.  The  development  of  this 
method  in  England  was  largely  due  to  the  health  of  towns  commis- 
sion of  1844  and  the  sewage  of  to^^Tis  commission  of  1857.  The  latter 
commission  in  1858  gave  a  full  description  of  the  system  at  Milan, 
where  the  liquid  refuse  of  the  city  was  conducted  by  a  canal  called 
the  ^^Vettabbia"  to  an  irrigation  area  of  about  4,000  acres.  The 
same  commission  concluded  in  1865  that  'Hhe  right  way  to  dispose 
of  town  sewage  is  to  apply  it  continuously  to  land,  and  it  is  only  by 
such  ai)plication  that  the  pollution  of  rivers  can  be  avoided.'' 

With  the  desire  to  dispose  of  polluting  material  grew  up  a  stitt 
greater  interest  in  sewage  farming  as  a  profitable  method  of  turning 
organic  wastes  into  valuable  crops,  Liebig  and  his  followers  having 
laid  great  stress  on  the  danger  of  an  exhaustion  in  the  nitrogen  sup-^ 
ply.     The  two  conceptions  arc  well  combined  in  the  definition  o^ 
irrigation  by  the  British  metropolitan  sewage  commission  of  1884  as 
'Hhe  distribution  of  sewage  over  a  large  surface  of  ordinary  agricul- 
tural land,  having  in  view  a  maxinuim  growth  of  vegetation  (consist- 
ent with  due  purification)  for  the  amount  of  sewage  applied.'' 

Progress  along  these  lines  was  rapid  in  England  during  the  sixties, 
and  many  of  the  present  sewage  farms  were  then  laid  out,  as  Croydon 
(1861)  and  Aldershot  (1864).  On  the  continent  of  Europe  the  first 
irrigation  plant  to  be  successfully  operated  on  a  large  scale  was  at 
Danzig.  In  1869  a  contract  was  signed  with  an  English  engineer, 
Alexander  Aird,  by  which  the  sewage  of  the  city  and  1,300  acres  of 
land  were  ceded  to  him  for  a  term  of  thirty-two  years,  the  entire 
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dntenance  of  the  sewerage  system  being  i:i  his  charge.  The  opcra- 
n  of  this  plant  had  a  special  i  lerest  o'^  account  of  the  severe 
Qter  weather  to  which  it  was  subjected.  At  about  the  same  time 
3  appUcation  of  sewage  to  land  was  begun  at  Paris  l)y  Mille  and 
irand-Claye,  after  much  preliminary  investigation  by  Schloesing, 
mtz,  and  others,  of  the  chemical  and  biological  principles  involved, 
present  a  total  area  of  13,338  acres  at  Gennevilliers,  Acheres, 
d  two  other  adjacent  places  is  irrigated  with  Paris  sewage.  The 
w  amounts  to  185  million  gallons  a  day,  and  the  standard  rate  of 
ration  is  0.012  million  (12,000)  gallons  per  acre  per  day.*"  The 
vage,  after  passage  through  screen  chambers  and  detritus  tanks, 
distributed  on  farms  which  are  mostly  owned  by  private  individ- 
Is,  although  the  city  operates  a  small  area.  Part  of  the  land  is 
ed  for  pasturage  and  part  for  raising  peas,  artichokes,  tomatoes, 
d  other  table  vegetables.  The  sewage  farms  of  Berlin  do  not  date 
lite  so  far  back.  Operations  were  first  begun  at  Osdorf  in  1876, 
ter  a  long  investigation,  under  the  leadership  of  Rudolf  Virchow. 
1  area  at  Falkenberg  was  added  in  1879,  and  two  areas  at  Gross- 
«ren  and  Malchow  were  added  in  1882.  The  farms  are  to-day  the 
rgest  in  the  world,  the  sewage  of  a  population  of  1,750,000  being 
eated  on  22,881  acres  of  land  at  a  rate  of  0.003  million  gallons  per 
ire  per  day.  The  crops  are  chiefly  timothy  and  Italian  rye  grass, 
be  farms  are  operated  mainly  by  convict  labor  under  German  mili- 
jy  discipline  (Roechling,  1892). 
The  English  sewage  farms  are  so  designed  that  the  sewage  is  allowed 

►  mn  continuously 'over  the  surface  of  the  soil  in  as  thin  a  film  as 
)S8ible  without  being  specially  encouraged  to  pass  downward.  As 
rule,  the  sewage  is  brought  to  the  highest  level  on  the  farm  and 
lence  distributed  by  open  carriers  following  the  contours;  these  in 
m  discharge  through  lateral  carriers  or  ditches.  On  many  farms 
ecial  areas  of  porous  soil  are  leveled  so  that  they  may  be  completely 
oded,  serving  for  intermittent  filtration,  which  is  discussed  on 
ges  35-42. 

To  obtain  an  available  area  of  proper  soil  is  the  cliief  problem  in 
vage  farming.  A  light  soil  on  a  sandy  or  gravelly  subsoil  proves 
►st  satisfactory,  while  peat,  chalk,  and  clay  are  bad.     All  three  are 

>  impervious,  and  the  last  two  are  likely  to  discharge  unpurified 
V'age  through  cracks  and  fissures.  With  unsuitable  soils  rates  of 
ration  must  be  low.  Rideal  (1001)  estimates  that  the  sewage  from 
3  persons  can  be  treated  on  an  acre  of  loamy  gravel  and  that  the 
tnber  may  rise  to  500  under  rarely  favorable  circumstances,  while 
bh  stiff  clay  it  falls  to  25.  The  rates  commonly  in  use  in  England 
ty  from  0.002  million  galhms  per  acre  per  day  at  Leamington  and 

Throughout  this  report  rates  of  filtration  arc  cxprps8od  In  millions  of  Unitwl  States  gallons  per 
?  per  day,  and  whore  poa^ll 'Jo  in  "net  rates,"  i.  e.,  total  quantity  pasa«?A  Vu  «^^V<i^iv  \)«c\cA.  ^Vsi\^^ 
Jie  aumber  of  day  a  In  tha  t  period. 
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Wrexham  to  0.015  at  Cheltenham  and  Birmingham  (Watson,  1903). 
German  figures  range  from  0.002  at  Brunswick  to  0.007  at  Danzig, 
and  probably  average  about  0.004  (Bredtschneider  and  Thumm,  1904). 

Wlien  an  irrigation  farm  is  overdosed  it  becomes  ''sewage  sick,"  to 
use  an  expressive  English  term.  The  surface  clogs,  pools  are  formed, 
putrefaction  begins;  only  a  complete  rest  restores  the  health  of  the 
area.  Under  such  conditions  the  temptation  to  discharge  impurified 
sewage  into  the  nearest  stream  is  very  strong.  At  times  of  rain,  when 
sewage  flow  is  liighest,  the  crops  are  least  in  need  of  water  and  maybe 
seriously  damaged  by  it.  The  aims  of  sewage  purification  are  too  apt 
under  such  conditions  to  be  sacrificed  to  those  of  agriculture.  Thus, 
at  the  famous  Craigentinny  meadows,  where  profitable  crops  are  ob- 
tained from  once  barren  areas  of  blown  sands,  we  are  told  that  *'the 
great  bulk  of  the  foul  water  merely  runs  over  the  surface  of  the 
ground  and  deposits  a  portion  of  its  suspended  matter''  (Barwise, 
1904).  Many  of  the  English  farms,  on  the  other  hand,  have  been 
operated  for  thirty  years  with  no  nuisance  and  without  the  accumu- 
lation of  ofl'ensive  sludge. 

The  statistics  for  eight  of  the  principal  English  farms  have  beei 
compiled  from  the  fourth  report  of  the  royal  sewage  commission  (R.  S 
C,  1004  a,  b)  to  form  Table  VI,  and  they  give  a  fair  idea  of  genera 
practice.  The  low  rates  on  clayey  soil  at  Leicester,  Rugby,  an< 
South  Norwood  will  be  noticed,  as  well  as  the  fact  that  careful  screen 
ing  and  settling  has  in  most  cases  been  found  a  necessary  preliminanr 
The  analyses,  which  from  their  source  hiay  be  considered  represent* 
tive,  indicate  that  English  irrigation  effluents  are  by  no  means  of  ex: 
ceptional  quality,  although  the  Nottingham  and  Cambridge  result: 
are  excellent.  The  Aldershot  plant  appears  to  be  doing  fairly  well 
considering  the  very  strong  sewage  with  which  it  deals,  but  at  Al 
trincham  and  other  places  the  purification  is  much  less  satisfactory 
By  incubator  tests  the  Nottingham  and  Cambridge  effluents  stooc 
very  high,  and  of  the  samples  from  Leicester  and  Aldershot  90  p^^ 
cent  gave  no  secondary  putrefaction.  Norwood,  Croydon,  ft^c 
Rugby,  on  the  other  hand,  gave  putrescible  effluents  about  one- 
fourth  of  the  time.  On  the  whole,  it  seems  fair  to  conclude  from  ^ 
general  survey  of  English  conditions  that  when  a  sufficient  area  ^] 
porous  soil  with  a  low  water  table  is  available  a  well-managed  i^ 
gation  area  may  prove  a  satisfactory  method  of  sewage  disposal  fr^ 
the  sanitary  standpoint. 
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The  economic  advantage  of  sewage  farming  is  somewhat  mote 
doubtful.  English  chemists  estimate  the  manurial  value  of  sewage  ti 
from  1  to  4  cents  a  ton  (Rafter  and  Baker,  1894).  This  value  can  no 
doubt  in  part  be  recovered,  since  the  crops  grown  on  sewage  fields  ue 
often  astonishingly  heavy.  Whether  it  really  pays  to  recover  it 
depends  on  local  economic  conditions.  In  many  English  towns  the 
operation  of  farms  has  proved  unprofitable,  and  there  is  some  tendency 
toward  their  abandonment.  Lieut.  Col.  A.  S.  Jones  and  others  are, 
however,  ardent  advocates  of  the  process;  and  in  certain  cases  the 
farm,  besides  paying  all  running  expenses,  yields  in  some  years  as 
much  as  $12  an  acre  tow^ard  rent  (Baker,  1904).  McGowan,  Houston, 
and  Kershaw,  in  their  valuable  report  to  the  royal  sewage  commis- 
sion, conclude: 

Although  wc  are  of  opinion  that  sewage  farms  in  general  can  never  be  expected  t4)  sbor 
a  profit  if  interest  on  capital  expenditure  ia  included,  the  fact  that  in  favorable  seasons 
some  of  them  more  than  cover  the  working  expenses  is  a  point  in  favor  of  cropping  in  con- 
nection with  the  land  treatment  of  sewage.    [R.  S.  C,  1904  c] 

With  regard  to  the  question  of  the  sanitary  quality  of  the  produce 
growTi  on  a  sewage  field,  the  experience  of  Berlin  and  Paris  indicates 
that  there  need  be  no  serious  danger  of  the  spread  of  disease  from  irri- 
gated crops.  The  writers  believe,  however,  that  fruits  and  vegeta- 
bles to  be  eaten  raw^  should  never  be  so  treated;  and  McGowan,  Hous- 
ton, and  Kershaw  (R.  S.  C,  1904  c)  would  limit  sewage  farms  to  stock 
raising,  saving: 

We  are,  on  the  whole,  not  in  favor  of  sewage  farms  being  utilized  for  the  raising  of  crops 
for  human  consumption. 

In  the  western  part  of  the  United  States  the  conditions  for  sewage 
farming  are  specially  favorable.     In  the  arid  regions  some  form  of 
irrigation  is  essential  and  the  manurial  value  of  sewage  is  reenforced 
by  its  water  value.     The  first  plant  in  this  country  was  laid  out  ft^ 
Cheyenne,  Wyo.,  in  1883,  and  to-day  there  are  a  score  or  more  of  se^' 
age  farms  in  operation,  of  which  those  at  Los  Angeles  and  Salt  Lal^^ 
City  are  the  largest.     The  experience  of  Los  Angeles  is  of  considerab*® 
interest  as  indicating  the  value  of  sewage  in  such  a  region.     Prior  ^^ 
1889  the  sewage  from  the  city,  amounting  to  7  million  gallons,  w^ 
carried  to  the  so-called  Vernon  district,  where  it  was  taken  by  tf^ 
South  Side  Irrigation  Company  and  distributed  to  adjacent  farm^ 
So  useful  did  the  sewage  prove  that  the  value  of  the  land  rose  froi^^ 
$2.50  an  acre  to  fjrom  $15  to  $25.     A  boom  followed,  house  lots  wer-^ 
developed,  and  the  population  so  increased  that  the  sew^age,  whicl> 
had  built  up  the  district,  became  a  nuisance  and  had  to  be  takers 
elsewhere. 

In  the  East  the  problem  of  sewage  irrigation  takes  on  a  different 
aspect.  The  high  cost  and  poor  quality  of  land  and  the  heavy  rains 
of  spring  and  autumn  combine  to  itvake^  \\ie  sviccesa  oi  ^\SLck  %.  venture 
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jre  than  problematical.  It  is  true  that  the  waste  of  valuable 
murial  elements  is  unfortunate,  and  authorities  like  Rafter  (1897) 
ve  been  strongly  moved  by  such  considerations.  The  saving  of 
ranic  nitrogen,  however,  appears  to-day  in  a  less  important  light 
in  formerly,  since  we  know  that  its  dissipation  may  be  made  good 
m  the  ocean  of  the  atmosphere  by  the  activities  of  the  nitrogen- 
ing  bacteria.  At  any  rate  the  question  is  one  which  must  be  judged 
a  basis  of  dollars  and  cents.  There  are  valuable  elements  in  sewage, 
there  is  gold  in  sea  water;  but  if  it  costs  more  to  save  them  than . 
jy  are  worth  after  they  are  saved  we  must  let  them  go.  On  the 
cific  coast  sewage  farming  is  profitable.  In  the  East,  under  present 
iditions,  it  is  unlikely  to  prove  so. 

TREATMENT   OF   SEWAGES   BY    CHEMICAL   PRECIPITATION. 

Parallel  with  the  development  of  broad  irrigation  there  grew  up  a 
5thod,  or  a  group  of  methods,  for  the  utilization  of  the  useful  ele- 
mts  in  sewage  on  a  different  principle.  The  idea  that  sewage  sludge 
iy  be  valuable  is  so  discredited  to-day  that  it  is  difficult  to  believe 
at  the  first  attempts  at  chemical  treatment  were  made  with  a  view 
the  recovery  of  its  constituents  in  a  *' portable  and  consequently 
arketable  form.^'  Such,  however,  was  the  object  with  which  numer- 
is  processes  were  devised  in  the  early  sixties.  Between  J^856  and 
76  no  less  than  417  patents  were  issued  in  England  for  processes 
nnected  with  the  chemical  precipitation  of  sewage. 
The  various  methods  of  treatment  consist,  as  a  rule,  of  two  stages — 
e  addition  of  some  substance  which  will  produce  a  flocculent  pre- 
Mtate,  and  the  sedimentation  of  the  mixture  to  separate  the  heavy 
idge  from  the  supernatant  liquid.  The  precipitants  used  are  vari- 
s,  but  the  active  elements  in  most  cases  are  salts  of  lime,  aluminum, 
iron.  The  rivers  pollution  commission  in  its  report  of  1870  dis- 
ssed  the  action  of  lime,  lime  and  chloride  of  iron,  sulphate  of  alumi- 
m,  Sillar's  *' ABC^'  mixture  (alum,  blood,  and  clay  with  other  sub- 
tnces),  and  Holden^s  compound  (iron  sulphate,  lime,  and  coal  dust), 
izen  (1890)  in  1889  carried  out  for  the  Massachusetts  State  board 
health  an  elaborate  series  of  experiments,  from  which  it  appeared 
it  either  ferric  salts  or  a  mixture  of  ferrous  sulphate  with  lime 
Dved  most  satisfactory.  In  the  first  case  ferric  hydroxide  was  pre- 
>itated,  and  in  the  second  case  ferrous  hydroxide,  calcium  carbon- 
5,  and  various  insoluble  organic  lime  salts.  Ferrous  sulphate  alone 
ve  less  satisfactory  results,  as  did  also  sulphate  of  aluminum. 
Exhaustive  studies  of  various  precipitants  were  made  by  Dibdin 
connection  with  the  treatment  of  the  sewage  of  London,  results  and 
Jt  of  different  processes  being  worked  out  in  great  detail.  iVll  sus- 
nded  matter  could  be  removed,  and  with  regard  to  the  dissolved 
janic  matter  the  efficiency  ranged  from  a  reiviON^i  oi  Vi  ^^x  ^^oJ^ 
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with  52  parts  per  million  of  lime  to  a  removal  of  31  per  cent  with  784 
parts  of  lime,  168  parts  of  ferrous  sulphate,  and  560  parts  of  sulphate 
of  aluminum,  and  a  removal  of  52  per  cent  with  9,800  parts  of  lime, 
1,400  parts  of  ferrous  sulphate,  and  700  parts  of  sulphate  of  alumi- 
num. The  annual  cost  for  a  daily  flow  of  157  million  gallons  was  esti- 
mated at  $60,000  for  the  first  result  quoted,  $400,000  for  the  second, 
and  nearly  $50,000,000  for  the  third.  In  general  it  was  found  that 
lime  was  the  best  b::sis,  and  for  use  in  combination  with  it  iron  salts 
were  preferable  to  those  of  aluminum.  The  combination  finally 
determined  on  was  56  parts  of  calcium  oxide  (4  grains  per  gallon) 
with  14  parts  of  ferrous  sulphate  (1  grain  per  gallon).  After  the 
addition  of  precipitants  the  sewage  is  allowed  to  settle  in  tanks  where 
it  either  remains  quiescent  for  a  time  or  flows  through  slowly  and 
continuously.  The  second  or  continuous  method  is  most  satisfactory, 
and  ii  capacity  of  from  one-half  to  twice  the  daily  flow  is  suflBcient  for 
sedimentation.  For  a  complete  separation  on  a  sitlall  area  a  tank  of 
special  form  is  sometimes  used,  whose  bottom  is  an  inverted  cone  in 
which'the  sewage  passes  upward,  its  flow  supplementing  the  action  of 
gravity.  At  a  certain  level  in  the  tank  the  precipitated  material 
collects,  so  as  to  form  a  sort  of  filtering  layer  through  which  the 
ascending  sewage  must  pass.  A  tank  of  this  form  (Rockner-Rothe 
type)  v^s  installed  at  the  World's  Columbian  Exposition  in  Chicago 
in  1893  (Hazen,  1894) ;  it  was  practically  identical  with  the  Dortmund 
tank  extensively  used  in  German  plants  for  the  treatment  of  industrial 
wastes. 

The  results  to  be  expected  from  the  chemical  treatment  of  sewage 
may  be  learned  from  the  experience  of  London.     The  sewage  of  the 
city  was  originally  discharged  from  the  various  sewers  directly  into 
the  Thames,  producing  a  nuisance  which  culminated  in  the  historic 
stink  of  1858.     To  cope  with  these  conditions  a  system  of  intercepting 
sewers  was  completed  in  1865  which  discharged  the  sewage  from  the 
district  nortb  of  the  river  at  Barking  Creek  and  that  from  the  south 
side    at    Crossness,    about    12    miles    below    London    Bridge.     This 
arrangement  proved  satisfactory  for  a  time,  until  the  volume  of  se^'" 
age  had  too  greatly  increased.     By  1875,  however,  it  became  nec^' 
sary  to  discharge  part  of  the  flow  on  the  flood  tide;  the  liquid  carried  i^P 
the  river  and  the  solids  deposited  on  the  shores  became  once  more  * 
serious  nuisance.     In  1882  the  metropolitan  sewage  commission  W^ 
appointed  and  advised  the  removal  of  solid  matter  from  the  sewa^ 
by  deposition  or  precipitation.     In  accordance  with  its  reconune:^ 
dations  precipitation  works  were  constructed  at  both  outfalls,  tt^ 
sewage  being  treated,  as  noted  above,  with  56  parts  per  million  ^ 
calcium  oxide  and  14  parts  per  million  of  ferrous  sulphate.     At  tk^ 
present  time  the  same  system  is  still  in  force.     The  sewage  from  tfc^ 
city  of  4,500,000  inhabitants  aitvouivta  to  *1%^  tmN\xow  ^i^Alona  per  da^ 
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d  7,200  long  tons  of  sludge  are  daily  carried  50  miles  out  to  sea  by 
Beet  of  six  dumping  boats.  The  total  cost  of  treatment  is  neariy 
00,000  a  year  (Baker,  1904).  The  results  of  the  chemical  treatment 
•  London  are  indicated  in  Table  VII  and  show  a  removal  of  some- 
lat  over  three-fourths  of  the  suspended  matter,  but  only  slight 
provement  in  the  soluble  constituents.  The  effluent  is  by  no  means 
rified.  It  is  merely  so  improved  by  the  removal  of  most  of  its 
ids  that  its  discharge  into  the  Thames  is  for  the  time  being  per- 
ssible. 

Table  yU.—ResvlU  of  chemical  precipitation  at  London,  1894  (Dibdin,  lOai). 

[Parts  per  million.] 


Source. 


them  outfall . . 
tbem  outfall .. . 


Material. 


i  Sewage. 
Effluent 
Sewage. 
Effluent 


Suspended 
solids. 


417 


441 

87| 


Total. 


862  ' 
910  , 
1,300 
1,420 


Dissolved  material. 


Oxygen 

con-     ! 
sumed  in  i 

4  hours 
at  80°  F.  I 


44.5 
46.2 
53.1 
44.5 


Nitrogen  i 


Freeam-lAlbumi- 


35.6 

4.1 

36.9 

4.2 

34.8 

4.9 

28.9 

3.9 

\.i  Manchester  conditions  appeared  somewhat  more  favorable  for 
Kjipitation  on  account  of  the  presence  of  certain  chemicals  in  the 
tory  wastes,  and  only  31  parts  of  calcium  oxide  and  17  parts  of 
reus  sulphate  were  added.  The  results  with  respect  to  the  total 
^anic  constituents  are  indicated  in  Table  VIII.  The  figures  are 
e-year  averages  of  the  results  of  analyses  made  twice  a  day  on 
urly  samples.  The  purification  of  the  effluent  proved  inadequate 
meet  local  conditions,  and  the  system  has  been  abandoned  in  favor 
newer  biological  processes. 


ILE  VIII. — Results  of  chemical  precipitation  at  Manchester,  Knqlandy  W(H)-1904  (Man- 
chester, 1900-1904). 

[  Parts  per  million.] 
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I     ^^  Nitrogen 

«>3«;;™«^  MnTm^"^  I    Free  am 
in  4  hours.        ^^^^^       |     j„^„,^^ 


^;e 

k  effluent. 


116      I 
76.4 


56.7 
37.2  i 


23.6 
24.2 


Albumi- 
noid am- 
monia. 


Vt  Birmingham  a  number  of  chemical  processes  were  tested  in 
'1  and  found  unsatisfactor>\  Watson,  the  present  engineer  of  the 
linage  board,  comments: 

venture  to  say  that  a  similar  conclusion  would  have  been  arrived  at  if  the  committee, 
ead  of  trying  only  seven  chemical  proc^^^ses,  had  tried  all  the  454  processes  which  were 
wt^d  previous  to  1886.    f Watson,  1903.] 
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At  Salford  a  thorough  test  of  13  different  precipitants  yielded  no 
satisfactory  effluents. 

The  disposal  of  the  sludge  is  a  serious  problem  in  chemical  preci{ft- 
tation.  Its  quantity  is  considerable,  amounting  to  26  tons  per 
million  gallons  of  sewage  at  Salford,  21  tons  per  million  gallons  it 
Manchester,  and  60  tons  per  million  gallons  at  Chorley.  Of  this  crude 
sludge  90  to  95  per  cent  is  water.  Wallace  found  the  composition  of 
the  air-dried  residue  from  eight  different  English  plants  to  average 
12  per  cent  of  water,  26  per  cent  of  organic  matter,  1  per  cent  each  of 
nitrogen  and  phosphoric  acid,  and  35  per  cent  of  sand  (Robinson, 
1896).  Far  from  being  marketable,  as  the  projectors  of  the  process 
dreamed,  the  disposal  of  this  sludge  generally  involves  considerable 
expense.  In  1894  a  canvass  by  the  local  government  board  showed 
that  of  234  places  using  chemical  processes  only  30  were  able  to  obtain 
any  revenue  from  sludge.  In  some  German  plants  the  sludge  is 
evaporated  and  burned  for  generating  gas.  The  usual  course,  how- 
ever, is  to  compact  it  in  filter  presses  and  dispose  of  the  press  cake 
by  burning  it  or  burying  it  in  the  ground. 

On  the  whole,  chemical  precipitation  has  become  somewhat  dis- 
credited of  recent  y^ears.  The  cost  of  chemicals  is  considerable,  the 
disposal  of  the  sludge  is  vexatious,  and  the  effluent  produced  is  im- 
perfectly purified  and  always  subject  to  secondary  putrefaction. 
Except  under  special  conditions  this  treatment  can  be  considered 
only  a  preliminary  process,  to  be  followed  by  some  final  biological 
treatment  which  shall  effect  real  purification.  Even  in  this  rdle  the 
process  is  generally  less  applicable  than  the  septic  tank,  since,  as 
compared  with  the  latter,  it  produces  results  only  slightly  better  with 
a  considerable  additional  cost  for  chemicals  and  with  an  increase  in 
the  quantity  of  sludge. 

In  special  cases,  however,  chemical  treatment  still  has  its  applica- 
tion. While  most  P^nglish  cities  are  abandoning  chemical  precipita- 
tion for  some  newer  process,  Glasgow  is  installing  new  tanks  which 
will  eventually  handle  140  million  gallons  of  sewage  daily,  using  lim^ 
and  sulphate  of  alumina  as  precipitants.  The  experience  of  Worc^ 
ter,  Mass.,  is  of  considerable  interest  in  this  connection,  sine* 
there,  too,  chemical  precipitation  is  apparently  likely  to  be  main- 
tained. In  1867  the  city  of  Worcester  was  permitted  to  use  as  a  com- 
mon sewer  Mill  Brook,  which  discharges  into  Blackstone  River.  I^ 
1880  vigorous  complaints  began  from  Millbury  and  other  towns  belo^ 
that  the  stream  was  so  foul  as  to  be  a  nuisance  and  a  danger  to  th< 
health  of  the  community.  Phiiieas  Ball,  Colonel  Waring,  and  othen 
reported  various  plans  for  relief,  and  in  1882  the  State  board  o 
health  recommended  the  installation  of  intermittent  filters.  In  188< 
the  legislature  ordered  that  the  city  should  remove  from  its  sewage 
before  discharge  into  Blackstone  Rivet  "the  offensive  and  pollutinj 
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rties  and  substances  therein,  so  that  after  its  discharge  into  said 
it  shall  not  create  a  nuisance  which  might  endanger  the  public 
iJ'  A  chemical  precipitation  plant  was  duly  installed  in  1800, 
he  condition  of  the  river  remained  bad.  In  1895  Millbury 
ht  suit  against  Worcester  on  the  ground  that  the  act  of  1886  had 
een  complied  with.  After  full  expert  discussion  it  appeared 
he  condition  of  the  river  was  in  part  due  to  the  past  pollution 

had  for  years  accumulated  in  its  bed  as  sewage  mud,  and  in 
to  the  imperfectly  purified  chemical  effluent  still  being  dis- 
ed.  The  courts  declared  that  the  city  had  acted  in  good  faith 
empting  to  carry  out  the  act  of  1886,  but  ordered  that  it  should 
Further  steps  to  comply  with  its  provisions.  Since  that  date 
areas  for  intermittent  filtration  have  been  progressively  added 
le  final  purification  of  the  chemical  effluent.  It  is  possible  in 
ase  that  chemical  treatment  is  the  best  available  preliminary 
5s,  since  the  city  sewage  contains  free  sulphuric  acid  and  sul- 

of  iron  from  the  wire  works  which  aid  the  chemical  process 
erhaps  interfere  with  bacterial  action. 

[904, 4,622  million  gallons  of  sewage  were  received  at  the  Worces- 
>rks,  of  which  4,227  million  gallons  were  treated  chemically. 
Lindred  million  gallons  of  the  chemical  effluent  and  395  million 
IS  of  raw  sewage  were  treated  on  sand  filters.  Lime  is  the  only 
)itant  used,  in  the  amount  of  120  parts  per  million,  sufficient 
)eing  already  present  in  the  sewage  to  complete  the  reaction. 
^^eiy  million  gallons  of  sewage  treated  5,756  gallons  of  wet  slu('ge 
)tahied,  containing  6.93  per  cent  of  solids.  After  pressing,  this 
uced  to  5.7  tons  of  pressed  sludge  containing  28.9  per  cent  of 
.  The  cost  of  pre^ng  and  sludge  disposal  amounts  to  over 
r  million  gallons.  The  analyses  of  sewage  and  effluent  from 
to  1904  show  that  the  yearly  removal  of  the  total  albuminoid 
)nia  has  varied  from  46  to  63,  averaging  52  per  cent;  of  total 
m  consumed  from  37  to  59,  averaging  51  per  cent;  of  suspended 
linoid  ammonia  from  83  to  98,  averaging  93  per  cent;  and  of 
uded  oxygen  consumed  from  77  to  89,  averaging  82  per  cent 
3ester,  1905).     The  results  for  1904  are  shown  in  Table  IX. 

DC. — ResvlU  of  chemiad  precipiUition  at  Worcisttr,  Matts.,  1904^  {Worcester,  1905). 
(Parts  per  million.] 

Nitrogen  as—  ^  , 
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I  Total.      Soluble.  |    Total.      Soluble. 
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Another  large  American  precipitation  plant  is  that  at  Provideiyce, 
R.  I.,  where  since  the  sewage  effluent  is  discharged  into  a  tidal  estuwj 
the  removal  of  suspended  soUds  alone  is  all  that  is  necessary.  Pre- 
cipitation was  reconmiended  by  S.  M.  Gray  after  an  exhaustive  inv»- 
tigation  in  1884,  but  the  plant  was  not  finally  installed  until  1902. 
Comparative  statistics  for  the  operation  of  the  Worcester  and  Provi- 
dence purification  works  in  1903,  copied  from  Fuller,  are  given  in 
Table  X. 

Table  X. — Statistics  cf  chemioal  preeipiiatvon  at  Worcester ^  Mass.,  and  Provvdenetj  R.  U 

1903  {FttUer,  1905  a), 


Population  connected  to  sewers,  estimated 

Average  daily  sewage  flow,  total million  gallons 

Average  daily.sewage  flow,  treated do 

Total  annual  sewage  flow  treated do 

A  ,xr>it<wi  11mA                                                                 /pounds  per  million  gallons . 
AppUedUme Igmlns  per  gallon.-     


A  ,>,^1l<w1  /wxT.,^*»  t.  /pounds  per  million  gallons . 

AppUed  copperas tgminspSrgaUon...^..... 

Gross  capacity  of  basins million  gallons . . 

Percentage  of  removal: 

Totalorganic  matter  by  albuminoid  ammonia 

Suspended  organic  matter  by  albuminoid  ammonia 

Wet  sludge: 

Average  pressed  daily gallons. . 

Percentage  of  total  sewage  flow 

Average  percentage  of  dry  solid  contents 

Average  amount  of  lime  added  per  1,000  gallons pounds. . 

Pressed  sludge  c*kc {^?SiSS|.-of<i^«iidi;: 

Dry  solids  in  sludge: 

Tons  daily 

Tons  per  million  gallons 

Tons  per  1 ,000  population  per  annum 

Cost  of  sludge  pressing  and  disposal: 

Per  ton  of  dry  solids 

Per  million  gallons  sewage  flow 

Cost  of  chemical  precipitation  (labor  and  supplies)  per  million  gallons 

Total  cost  of  operation: 

Per  million  gallons 

Per  capita  connected  to  sewers  per  annum 

Cost  per  ton: 

Lime 

Copperas 

Minimum  wage  per  hour  for  laborers 
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a  Providence  sewage  well  screened  before  treatment. 

Before  leaving  the  subject  of  chemical  treatment  it  will  be  well  to 
refer  briefly  to  certain  special  processes  which  have  been  suggested 
and  adopted  in  exceptional  cases  without  finding  general  application. 
For  example,  with  the  Liemur  system  of  sewerage  in  use  in  certaii^ 
Dutch  and  Belgian  cities,  which  he  at  too  low  a  level  for  gravity  sy^ 
tems,  the  excreta  diluted  with  a  small  volume  of  water  are  drawn  o" 
by  suction  through  a  system  of  tight  scAvers,  and  sewage  of  this  typ^ 
has  been  handled  by  direct  evaporation,  the  residue  being  used  as  ie^ 
tilizer.     Its  application  is  naturally  limited  (U.  S.  Dept.  State,  1895^ 
The  Degener  process  apphed  in  some  German  cities  involves  mixtu:^ 
of  the  sewage  with  crushed  lignite,  precipitation  with  ferric  sulphat-^ 
pressing  of  the  sludge,  and  treatment  of  the  effluent  with  bleachin^j 
powder.     The  process  is  costly,  but  at  Potsdam  and  Tegel  is  said  t^ 
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Kiuce  a  very  perfect  elHuent  (Gninbaufn,  1902).  The  bleaching 
prefer  in  this  process  is  supposed  to  disinfect  the  final  effluent;  and 
3  same  end  is  aimed  at  in  a  number  of  chemical  processes  based  on 
5  use  of  such  substances  as  ozone  and  the  oxychlorides.  The 
jbster  process  allowed  sewage  to  flow  between  iron  electrodes  so 
it  the  chlorides  present  were  electrolyzed,  liberating  free  chlorine 
1  oxygen  and  forming  iron  salts.  In  the  Hermite  process  a 
)nger  action  was  obtained  by  electrolyzing  sea  water  and  adding  it 
the  sewage  (Rideal,1901).  Considerable  interest  has  been  mani- 
ed  in  these  and  similar  methods  during  the  last  year.  Disinfection 
cesses,  however,  ignore  the  fundamental  problem  of  sewage  dis- 
al,  which  is  the  production  of  an  oxidized,  not  of  a  sterile,  effluent, 
til  a  really  purified  and  stable  effluent  has  been  produced  disin- 
ion  is  a  step  in  the  wrong  direction. 

in  interesting  method  has  been  suggested  by  Adeney  and  installed 
Kaye  Parry  at  Dundrum,  Chapel-Izod,  and  other  Irish  towns.  It 
IS  at  the  addition  of  chemicals  in  such  a  way  as  to  favor  rather  than 
jheck  biological  action.  The  sewage  is  first  precipitated  by  oxanite, 
ich  is  a  crude  sulphate  of  manganese  mixed  with  the  higher  oxides 
^hat  element,  and  then  nitrate  of  soda  is  added  to  the  supernatant 
lid.  The  manganese  supplies  the  sludge  with  oxygen,  so  that  a 
rid  aerobic  fermentation  occurs  and  the  nitrate  {performs  the  same 
iction  for  the  effluent. 

RIFICATION    OF   SEWAGES    BY   INTERMITTENT    FILTRATION    THROUGH 

SAND. 

The  only  general  method  for  the  purification  of  sewage  is  its  oxida- 
n  by  micro-organisms.  We  have  seen  how  this  process  has  been 
ipirically  utilized  in  dilution  and  in  broad  irrigation.  Its  scientific 
nciples  were  grasped  by  a  few  investigators  at  an  early  date, 
►out  1865  Alexander  Mueller  described  the  purification  of  sewage  as 
process  of  digestion  and  mineralization  carried  out  by  minute  animal 
J  vegetable  organisms  (Rideal,  1901).  In  1878he  took  out  a  patent 
a  ^*  process  for  the  disinfection,  purification,  and  utilization  of 
mge  by  the  scientific  cultivation  of  yeastlike  organisms"  (Bruch, 
)9).  In  1877  the  fact  that  the  purification  of  sewage  is  due  to 
Jteria  was  demonstrated  by  Schloesing  and  Muntz  in  a  series  of 
)eriments  in  which  it  was  shown  that  nitrification  did  not  occur  in 
s  sterilized  by  heat  or  chloroform  (Schloesing  and  Muntz,  1877). 
-rington  reported  further  suggestive  results  along  tliis  line  in  1892. 
These  suggestions  api)ear  to  have  made  little  impression  in  Great 
tain  and  the  Ignited  States.  Meanwhile,  however,  the  practical 
e  of  the  subject  was  undergoing  an  important  development  in 
gland.  In  1870  Sir  Edward  Frankland  carried  out  a  series  of 
tiificant  experiments,  tJie  results  of  wliich  weie  \)wV>\Y&\ifc<iL  vcs.  NJssa 
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first  report  of  the  rivers  pollution  commission.  Sewage  was  filtered 
both  upward  and  downward  through  various  soils  at  different  rata, 
and  it  was  shown  that  a  good  effluent  could  be  obtained  by  dovft-  ^' 
ward  filtration  through  coarse  gravel  at  a  rate  of  0.08  million  pi- 
Ions  per  acre  per  day,  while  upward  filtration  produced  only  a  fod 
and  turbid  effluent.  Doubling  the  rate  interfered  wuth  the  purifict- 
tion,  and  it  was  seen  that  a  resting  or  aerating  period  between  the 
applications  of  sewage  was  a  necessity.  The  principle  of  the  proc^ 
ess  as  a  chemical  oxidation  of  organic  matter  to  water,  carbon 
dioxide,  and  nitrates  was  clearly  recognized,  as  well  as  the  prac- 
tical necessity  for*  intermittency  in  operation.  The  cycles  in  the 
life  of  a  sewage  filter  were  compared  to  the  inspirations  and  expi- 
rations of  the  lungs  (rivers  pollution  commission,  1870). 

These  researches  indicated  that  with  suitable  soil  the  process  of 
broad  irrigation  might  be  made  more  intensive,  the  growing  of  crops 
being  subordinated  to  the  treatment  of  sew^age  at  a  more  rapid  rate 
This  principle  was  quickly  applied  on  a  practical  scale  by  J.  Bailey 
Denton,  who  constnicted  an  fntermittent  filter  at  Merthyr  Tyd^, 
Wales,  in  1871.  Beds  20  acres  in  area  were  furrowed,  cropped,  and 
operated  at  a  rate  of  0.06  million  gallons  per  acre  per  day.  This 
rate  was  later  reduced  to  0.016  b}^  the  addition  of  more  irrigation 
land,  but  the  original  plant  worked  admirably  and  w^as  of  impor- 
tance as  a  practical  demonstration  of  Frankland^s  experiments  on  a 
large  scale  (Bailey-Denton,  1882).  Neither  Frankland  nor  Bailey- 
Denton,  however,  understood  the  biological  nature  of  the  process. 
The  latter  said  of  his  filters  in  1882: 

Tbo  assimilative  jxiwers  of  growing  plants  are  brought  to  l^ear  on  the  fertilizing  ele- 
ments of  the  sewage  at  tiie  same  time  that  the  percolation  of  the  sewage  through  the 
soil  brings  it  in  contact  with  the  atmospheric  air  pervading  the  soil  and  renders  it  harm- 
less hy  oxidation,  as  explained  by  tlie  rivers  pollution  commissioners. 

Altogether,  it  is  clear  that  in  the  early  eighties  the  theory  of  sew- 
ago  oxidation  was  understood  by  French  and  German  investigators. 
On  the  other  hand,  the  practice  of  intermittent  filtration  had  been 
empirically  worked  out  in  England  by  Frankland  and  Bailey-Denton. 
The  laboratory  investigations,  however,  were  academic  and  the  praC' 
tical  (lata  incomplete.     To  combine  a  sound  conception  of  the  bio- 
logical principles  involved  with  a  study  of  the  engineering  data  of 
()l>eration  on  a  practical  scale  wa^  left  for  American  investigators. 
English  sanitarians  have  not  been  slow  to  recognize  that  "it  was 
primarily   due    to    the   Massachusetts   State  board  of   health,  who 
began  their  investigations  in  November,  1887,  and  have  continued 
them  ever  since,  that  the  bacterial  treatment  of  sewage  has  beew 
forced  on  public  attention"   (Watson,  1903).     For  the  mass  of  data 
accunuilated   and    the   thorouglmess   with   which   these   data  wef^ 
analyzed,  as  well  as  for  the  almost  revolutionary  effect  which  th^J 
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»rked  in   sewage   practice,    the   Massachusetts   experiments    well 
'sene  the   term  of  "classic/^   by  which   they   are  so  commonly 


In  1886  the  legislature  of  Massachusetts  charged  the  State  board 
health  w4th  the  advice  of  cities  and  towns,  corporations,  and 
lividuals  as  to  water  supply  and  sewage  disposal  and  ordered  it 
collect  information  and  conduct  experiments  on  the  purification 
sewage.  Hiram  F.  Mills,  a  distinguished  hydraulic  engineer  and  a 
mber  of  the  board,  organized  the  investigation,,  with  the  assist- 
,e  of  T.  M.  Drown  and  W.  T.  Sedgwick,  both  of  the  Massachu- 
ts  Institute  of  Technology,  as  chemist  and  biologist,  respectively, 
experiment  station  was  fitted  up  in  1887  on  the  bank  of  Merri- 
c  River  at  Lawrence,  imder  the  immediate  charge  of  Allen  Hazen. 
re  ten  circular  cypress  tanks  17  feet  in  diameter  and  6  feet  deep 
:e  filled  with  various  filtering  materials — sand,  gravel,  peat,  river 
,  loam,  garden  soil,  and  clay — and  dosed  with  sewage  pumped 
m  the  city  sewer.  The  results  exceeded  the  hopes  of  the  inves- 
Ettors.  By  passage  through  a  fairly  porous  soil  on  the  intermit- 
it  plan,  one  dose  being  applied  every  twenty-four  hours,  sewage 
lid  be  converted  into  a  clear  and  completely  nitrified  effluent, 
at  and  garden  soil  proved  too  impervious  and,  although  operated 
very  slow  rates,  clogged.  In  this  condition  the  air  supply  was 
t  off  and  nitrification  failed.  All  the  other  filters  showed  good 
rification  at  rates  of  from  0.02  to  0.1,  the  quality  of  the  effluents 
ing  equal  in  many  cases  to  that  of  well  waters  in  use  in  the  city 
Lawrence. 

The  true  nature  of  sewage  purification  as  a  bacterial  oxidation 
IS  clearly  brought  out  in  these  experiments.  Intermittency  of 
plication  supplies  the  needed  oxygen,  and  any  fairly  porous  ma  te- 
ll will  serve  as  a  resting  place  for  the  active  bacteria. 

rhe  experiments  with  gravelstoncs  give  us  the  best  illustration  of  the  essential  cliar- 
er  of  intennittent  filtration  of  sewage.  In  tliese,  without  straining  the  sewage  sufli- 
atly  to  remove  even  the  coarser  suspended  particles,  the  slow  movement  of  the  liquid 
thin  films  over  the  surface  of  the  stones,  with  air  in  contact,  caused  to  he  removed 

some  months  97  per  cent  of  the  organic  nitrogenous  matter,  a  large  part  of  which 
« in  solution,  as  well  as  99  per  cent  of  the  bacteria,  which  were  of  course  in  suspen- 
3,  and  enabled  these  organic  matters  to  be  oxidized  or  burned,  so  that  there  remained 
the  effluent  but  3  per  cent  of  tlie  decomposable  organic  matter  of  the  sewage,,  the 
iainder  being  converted  into  harmless  mineral  matter. 
\e  mechanical  separation  of  any  part  of  the  sewage  by  straining  through  sand  is 

an  incident,  which,  under  some  conditions,  favorably  modifies  the  result:  but  the 
sntial  conditions  are  very  slow  motion  of  very  thin  films  of  liquid  over  the  .surface  of 
tides  having  spaces  l)etween  them  sufficient  to  allow  air  to  be  continually  in  contact 
h  the  films  of  liquid. 
Tith  these  conditions  it  is  essential  that  certain  bacteria  should  l>e  present  to  aid  in 

process  of  nitrification.     These,  we  have  found,  come  in  the  sewage  at  all  times  of 

year,  and  the  conditions  just  mentioned  appear  to  l)e  most  favorable  for  their  edicient 
ion  and  at  the  same  time  most  destructive  to  them  and  to  all  kinds  of  bacteria  that 

in  sewage.    [MUls,  1890.] 
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The  organisms  active  in  the  nitrifying  process,  isolated  independ- 
ently by  Winogradsky  in  France  and  by  Richards  and  Jordan  (1890) 
at  Lawrence,  have  been  studied  by  a  number  of  bacteriologists,  of 
whomSchultz-Schultzenstein  (1903)  and  Boullanger  and  Massol  (1903) 
are  perhaps  the  late»st.  The  necessity  for  an  alkaline  base  for  nitrifi- 
cation, known  to  agriculturists  since  the  time  of  Varro,  has  been  con- 
firmed by  these  observers,  who  find  that  free  acids,  organic  or  inor- 
ganic (0.5  per  cent),  and  nitrates  or  nitrites  in  1  to  3  per  cent  solution, 
quickly  check  the  work  of  the  organisms.  A  marked  excess  of  free 
ammonia  or  of  any  alkali  has  the  same  effect.  Thus  Warington  found 
that  a  12  per  cent  solution  of  urine  having  a  maximum  alkalinity  of 
446  parts  of  ammonia  as  carbonate  would  stop  nitrification.  At 
Burton  sewage  containing  100  parts  of  free  lime  would  not  nitrih'  tiO 
it  was  neutralized  (Barwise,  1904).  Rideal  also  notes  a  harmful 
effect  due  to  carbon  dioxide,  and  Letts  believes  that  sodium  chloride 
from  sea  w^ater  hinders  the  formation  of  nitrates  at  Belfast  (R.  S.  C, 
1902  a).  The  optimum  temperature  for  the  reaction  lies  between 28*^ 
and  37°  C.     It  is  stopped  in  the  neighborhood  of  50°  C. 

Later  work  at  Lawrence,  where  numerous  small  experimental  fil- 
ters have  been  operated  since  1890,  has  brought  out  further  details  of 
the  process  of  intermittent  filtration.  In  the  1891  report,  prepared 
by  Allen  Hazen,  the  chemist  in  charge  of  the  station,  it  was  shown 
that  while  most  of  the  organic  matter  of  the  sewage  is  actually 
destroyed  and  while  there  is  no  important  storage  in  the  depths  of 
the  filter,  its  surface  accumulates  a  certain  amount  of  stable  organic 
matter  which  must  be  removed  at  intervals.  It  was  made  apparent 
that  in  severe  winter  weather  the  quality  of  the  effluent,  while  con- 
siderably deteriorated,  w^as  still  reasonably  satisfactory.  The  maxi- 
mum rate  at  which  sewage  could  be  conveniently  applied  varied  from 
0.03  w4th  sand  of  an  effective  size  of  0.03  mm.  to  0.06  with  sands  of 
0.06  to  0.35  mm.,  0.1  with  sands  of  0.17  and  0.48  mm.,  and  0.2  with 
gravel  of  5  mm. 

One  of  the  strong  points  about  the  Lawrence  experiments  has  been 
their  continuity  for  a  sufficient  i)eriod  to  show  the  long  life  of  inter- 
mittent filters,  four  of  the  original  outdoor  filters  having  been  oper- 
ated for  seventeen  years.  A  comparison  of  the  effluents  during  th^ 
first  seven  and  the  last  nine  years  of  operation  has  been  compiled 
from  the  reports  of  the  State  board  and  is  shown  in  Table  XI.  Al- 
though, with  a  considerably  increased  concentration  of  sewage  the 
effluents  have  deteriorated,  yet  the  percentage  purification  has  only 
slightly  decreased,  and  the  effluents  are  still  of  good  quality. 
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II. — ResvUs  of  irJermitterU  jUtraJtion  at  Lawrence,  Mass.,  in  successive  periods 
{Massachusetts,  1805-1903). 
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early  Massachusetts  experiments  led  at  once  to  practical  devel- 
ts.  In  the  1887  and  1888  reports  of  the  board  of  health  pre- 
ry  results  were  announced,  and  in  1889  the  board  reported  that 
suggested  for  the  disposal  of  the  sewage  of  the  Mystic  Valley 
'  Saugus  marshes  was  impracticable  on  account  of  the  peaty 
t  of  the  soil.  Also  in  1889,  in  accordance  with  the  favorable 
i  obtained  at  Lawrence  by  filtration  through  coarse  sand,  the 
rge  intermittent  filtration  area  in  the  State  was  laid  out  in  the 
of  Framingham.  Gardner  and  Marlboro  followed  in  1891, 
t  the  same  time  the  first  filter  in  Connecticut  was  built  at 
m. 

903  (Massachusetts,  1904)  the  State  board  of  health  of  Massa- 
,ts  discussed  the  results  of  the  operation  of  23  plants  in  the  Com- 
ealth.  All  made  use  of  intermittent  filtration,  and  the  report 
ides  that — 

eudy  availability  of  sand  and  gravel  areas  naturally  adapted  for  the  purification 
je,  the  simplicity  of  the  process,  and  the  small  cost  of  maintenance  have  made  this 
of  purification  the  most  advantageous  for  adoption  in  practiciilly  all  the  cases  in 
ewago-purific4ition  works  have  been  found  necessar}',  and  the  resulting  effluents 
nto  the  stream  have  l)een  satisfactory  in  all  cases  where  the  works  are  of  sufficient 
T  and  liave  received  proper  care. 

!  principal  analytical  data  from  the  report  are  shown  in  Table 
vhich  gives  a  fair  idea  of  the  operation  of  the  intermittent  proc- 
It  will  be  noted  that  the  rates  vary  in  general  from  0.05  to  0.1 
lat  the  effluents  are  in  most  cases  of  satisfactory  quality.  They 
perior  in  almost  every  instance  to  those  obtained  at  the  English 
e  farms,  as  shown  in  Table  VIII. 


40 


THE   POBIFIOATION   OV  BOSTON  SEWAGE. 


^ 


t 


•I 


CO 

I 
I— J 
1—1 


1^^ 


N 


s 


tA 

t^ 

'm 

» 

rt 

^ 

<^ 

» 

w 

e* 

d 

:^ 

o- 

o   ; 

n 

rift 

^-^ 

',Ui 

OS 

-* 

Oi 

^ 

>fl 

« 

1^ 

r* 

»   ' 

Q« 

1^ 

j-ll 

:^ 

8i 

^ 

ei 

« 

f< 

«; 

CI 

rj 

t6    'ci   'r^    '^    "so    '-^    'pi    "V    '-*    "d    *oc    'r6    '-^    "^   *^   *ai' 


**^*J_*3_**„**^»*^**^*a_:#a_«^**_** 


i^g  Itg  ^g  >^  gg  tg  ig^g  ^g  {E^  »q  f^  ^g  1?^  ^^?E 


3 


I?:; 


all 


2  -  r   C*  d 

ffi  n  *  V  "^ 


□     ^ 

1     I 
^    1 


^ 


ii     6 


'3 
t 


S    S       <    m 


I 


-«i 


I  E 


§§§§§§§§§§§§§§§1 


ni 


i^^     e«     n 


i  1 1  i  i  I  §  i 


r-3 

.-a 
'S 


441         A 


—     — <     PI 


mm 


»?  iij , 
u  ^ 


§^§§§iSS 


8  i 


nil 


To       Ss       9i       i^       3}       ai       Oa       QQ       ai       a£       ii(>       ^a       ^6       ^p       ^       Qa 


i 


I 


I  1  1^1 
o   ;%    ^ 


^  5 


I  i 


t?  t^  :;  :^  ^ 


1  g 


I  i 


INTERMITTENT   SAND   FILTRATION   OF   SEWAGE. 


41 


\i  regard  to  the  comparative  results  of  diflFerent  Massachusetts 
the  following  points  may  be  noted:  The  poor  effluents  at 
oro  and  Gardner  are  due  partly  to  careless  operation,  the  sew- 
ing allowed  to  run  on  continuously  for  days.  At  Clinton  the 
i  sewage  is  very  strong.  At  Leicester,  Andover,  and  Hopedale 
►ard  attributes  results  below  the  average  to  the  fact  that  the 
?  is  stale  or  septic  when  applied.  At  Worcester  the  sewage  is 
,  and  it  is  probable  that  its  acid-iron  waste  interferes  somewhat 
he  process  of  nitrification.  It  has  been  thought  best,  at  any 
ot  to  attempt  to  treat  crude  sewage,  as  was  done  in  the  experi- 
included  in  Table  XII.  The  comparative  results  of  filtration 
tnd  without  chemical  precipitation,  as  shown  in  Table  XIII, 
te  the  great  advantage  of  special  treatment. 

!Cni. — Results  of  intermittent  ^filtration  of  crude  sewage  and  chemical  effluent  at 
Worcester,  Mass.  (Worcester,  1905). 
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44.4 
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onstruction  the  Massachusetts  filters  are  simple,  being  built  in 
1  of  natural  glacial  drift.  The  subsoil  is  removed,  being  used 
en  embankments  between  the  beds,  and  the  sand  is  not  dis- 
.  except  for  the  laying  of  underd  rains.  Beds,  as  a  rule,  are  1 
I  area,  the  sewage  being  distributed  through  branched  wooden 
s  of  sizes  so  varied  as  to  secure  approximately  imiform  distri- 
.  This  point  is  of  much  importance,  since  the  passage  of  large 
es  of  sewage  through  a  portion  of  a  bed  necessarily  leads  to 
'esults.  At  many  plants,  as  at  Framingham,  Natick,  and 
:on,  crops  have  been  gro^^Ti  on  the  beds.  At  Brockton  this 
je  has  recently  been  abandoned,  since  it  was  found  to  cause  an 
ulation  of  fine  organic  matter  detrimental  to  the  surface, 
effect  of  winter  weather  on  the  process  has  not  been  found  to  be 
J.  The  actual  freezing  of  the  surface  is  prevented  by  furrowing 
ds,  so  that  a  hiyer  of  ice  forms  on  tlie  top  of  the  ridges,  leaving 
m  space  between  them.  Here  the  sewage  flows,  its  warmth 
sufficient  to  keep  the  surface  open  under  the  covering  of  ice. 
'ocess  of  nitriflcalioii  is,  however,  considerably  interfered  with 
direct  action  of  cold,  as  is  shown  on  page  131  of  this  paper, 
act,  combined  with  the  impossibility  of  scraping  off  surface 
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accumulations  during  severe  weather,  leads  to  a  general  clogging  of 
the  filters  during  the  A\dnter  months.  With  ample  capacity  this 
period  may  easily  be  tided  over.  Goodnough  said  in  1904  (Window, 
1905  b): 

Of  tlic  1 5  sewago-disf)osal  plants  of  considerable  size  w|iere  works  were  origicaUy  providej 
for  the  tn^atmont  of  all  of  the  sewage,  all  of  the  sewage  is  treated  at  all  times  at  6  places,  or 
more  than  one-third  of  those  having  purification  woiiis,  and  very  little  sewage  is  dischaiged 
untreated  at  6  of  the  remaining  places,  leaving  only  3  places  out  of  the  15  at  which,  it 
the  present  time,  any  considerable  quantity  of  sewage  is  allowed  to  escape  without  treit- 
ment. 

The  accumulation  of  a  certain  amount  of  material  on  the  surface  of 
the  beds  is  a  necessary  feature  of  the  process  of  intermittent  filtra- 
tion as  practiced  in  Massachusetts.  This  material,  appearing  in  the 
form  of  a  dry  cake  of  a  stable  and  inoffensive  character,  scarcely  de- 
serves the  name  of  sludge,  by  which  it  is  frequently  designated. 
However,  it  necessitates  a  considerable  expense  in  operation.  The 
beds  must  be  frequently  raked  and  harrowed  and  occasionally^  plowed 
aijd  scraped.  At  Paw  tucket  it  has  been  found  in  ten  years  that  for 
every  million  gallons  of  sewage  8.39  cubic  yards  of  material  (includ- 
ing sand)  were  removed  from  the  surface  (Pawtucket,  1904).  At 
the  Brockton  plant,  which  is  admirably  designed  and  operated,  full 
data  arc  published  on  this  point.  In  1904  a  daily  flow  of  900,000 
gallons  from  a  population  of  40,000  was  treated  on  21 J  acres  of  sand. 
A  storage  well  at  the  pumping  station  holds  the  night  flow  of  sewage, 
so  that  the  pumps  are  run  only  in  the  daytime.  The  sediment  which 
collects  at  the  bottom  of  this  reservoir  is  stirred  up  at  the  end  of  a 
nm  and  discharged  on  four  special  ''sludge  beds."  The  cost  of  labor 
on  the  surface  of  all  the  beds  during  1904  was  $2,932,  and  the  total 
cost  of  maintaining  the  area  $4,412  (including  gate  tending,  care  of 
roadways,  etc.),  amounting  to  over  $15  per  million  gallons  (Brock- 
ton, 1905).  The  expense  of  maintenance  at  16  Massachusetts  plants 
varied  in  1903  from  $0.61  per  million  gallons  at  Natick  to  $21.92  at 
Stockbridge  (Massachusetts,  1904).  The  Natick  beds  received  prac- 
tically no  care  except  in  connection  with  cropping,  but  operated  satis- 
factorily. The  next  lowest  figures  were  $2.45  at  Pittsfield  and  $2.60 
at  Marlboro  (large  plants)  and  $2.87  at  Concord  (weak  sewage).  The 
costs  at  Clinton,  Southbridge,  Spencer,  Westboro,  and  Worcester 
were  l)etween  $3.91  and  $7.80;  at  Gardner,  over  $9  at  each  of  its  two 
areas;  at  Brockton  and  Leicester,  $11;  and  at  Andover,  $13.98. 

TREATMENT   OF   SEWAGES    IN   THE    SEPTIC   TANK. 

Wliile  the  process  of  intermittent  filtration  was  being  scientifically 
developed  in  Massachusetts,  English  sanitarians  were  beginning  ^ 
treat  sewage  on  a  totally  different  principle — that  of  anaerobic  putre- 
faction.    At  an  early  period  it  had  been  noticed  that  in  cesspools 
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action  took  place  which  led  to  the  dissolution  of  solid  matter. 
aris,  where  until  1880  various  receptacles  were  largely  used  by 
idual  householders  for  the  reception  of  excreta,  there  might  be 
1  '*the  fosses  fix^es,  from  which  the  matter  was  raised  by  me- 
vessels  or  vacuum  pumps;  the  fosses  sfeches,  used  in  the  bar- 
5;  the  tinettes  filtres  or  filtrantes,  which  permitted  the  liquids  to 
>e  and  reduced  the  refuse  to  one-fifth  part,  and  the  vidange  auto- 
que,  invented  by  Mouras  to  do  away  with  the  necessity  for  even 
►die  removal  of  the  soHds''  (Metcalf,  1901).  The  latter  was  ^*a 
d  vault  with  a  water  seal,  which  rapidly  transforms  all  the  excre- 
titious  matter  which  it  receives  into  a  homogeneous  fluid,  only 
tly  turbid,  and  holding  all  the  solid  matters  in  suspension  in  the 
of  scarcely  visible  filaments.^'  The  action  was  attributed  to 
robic  bacteria.  This  tank  was  introduced  by  Mouras  about 
,  was  fully  described  by  Abb6  Moigno  in  the  Cosmos  les  Mondes 
S81,  and  was  patented  in  1882.  In  1883  E.  S.  Philbrick,  an 
rican  sanitary  engineer,  described  a  tank  *'in  which  the  solid 
icles  of  the  sewage  may  become  macerated  and  finely  divided  by 
entation."  In  1891  Scott-Moncrieff  constructed  at  Ashtead, 
land,  what  he  called  a  cultivation  tank,  in  which  sewage  was 
^ed  to  pass  upward  through  a  tank  containing  Stone  prior  to  pas- 
through  ''nitrifying  channels''  of  coke.  The  attempt  to  pro- 
a  purified  effluent  failed,  but  it  was  shown  that  the  first  or  anae- 
5  tank  exerted  a  remarkable  dissolving  action  on  the  solid  con- 
en  ts.  In  1893  a  plant  on  the  same  plan  was  designed  for  the 
ugh  of  Towchester.  A  year  later,  in  1894,  C.  N.  Talbot  built  a 
^e  tank  at  Urbana,  111.,  in  which  the  liquefying  anaerobic  action 
observed;  and  a  larger  plant,  with  this  definite  end  in  view,  was 
pied  for  Champaign,  111.,  in  1895  and  built  in  1897. 
le  anaerobic  process  of  sewage  purification  owes  its  practical 
ilopment  chiefly  to  Donald  Cameron,  of  Exeter,  England,  who 
s  much  the  same  relation  to  this  process  that  the  Massachusetts 
e  board  of  health  holds  toward  intermittent  filtration.  In  lcS95 
istalled  a  water-tight  covered  basin  for  the  treatment  of  the  sew- 
of  a  portion  of  the  city  by  anaerol)ic  putrefaction  and  gave  it  the 
iresque  name  of  the  septic  tank.  The  sewage  flowed  slowly 
ugh  the  tank,  taking  about  twenty-four  hours  in  passage,  the 
-  and  outlet  being  about  midway  between  the  top  and  bottom, 
ound  that  the  liquid  turned  dark  colored,  while  in  the  solids  col- 
id  at  the  bottom  an  active  fermentation  was  set  up.  Bubbles 
inually  rose  to  the  surface,  carrying  with  them  solid  particles. 
5h  gathered  at  the  surface  to  form  a  scum,  sometimes  so  firm  and 
pact  that  a  man  could  stand  upon  it.  TlRs  scum  appeared  and 
ppeared  without  any  recognized  reason.  Meanwhile  the  effluent 
ing  off  was  freed  from  gross  floating  matter,  and  its  total  solids 
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and  organic  constituents  were  decreased  to  one-half  and  two-d 
their  initial  value,   respectively.     The   material   removed  did 
however,  merely  accumulate  in  the  tank,  which  was  operated  i 
three  years  without  cleaning.     At  the  end  of  the  first  year  25  iomi 
solids  had  been  removed  from  the  sewage,  of  which  it  was  cak 
that  5  tons  remained  in  the  tank,  and  this  in  the  form  of  a  i 
stable  peaty  deposit,  only  one-third  organic  in  composition  (B 
1901). 

The  action  in  the  septic  tank  is  probably  not  the  work  of  i 
anaerobes,  which  appear  to  be  rare  in  sew^age,  but  of  organisms  i 
to  grow  either  with  or  without  the  presence  of  oxygen.    Under  t 
latter  condition  the  nature  of  their  action  is  characteristic.    Therf 
decompose  the  solid  materials  by  a  lysis,  which  may  or  may  not  I 
hydrolysis  (decomposition  with  the  addition  of  water  to  the  molecu 
Next  they  decompose  the  dissolved  molecule,  producing  gases  on  1 
one  hand  and  more  stable  peaty  compounds  on  the  other.   Nitrogeno 
compounds  are  partially  reduced  to  gaseous  nitrogen  or  free  ammonii^l 
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FUf .  4.— Seasonal  variation  in  gaa  production  in  the  septic  tank. 

and,  together  with  cellulose,  to  carbon  dioxide  and  marsh  gas.  11» 
reaction  is  an  exothermic  one,  evolving  about  8  per  cent  as  muchheit 
energy  as  is  left  in  the  final  products  (Rideal,  1901).  The  amount rf 
gas  ])roduced  in  the  septic  tank  was  found  by  Fow^Ier  at  Manchw- 
ter  (1901)  to  be  7.5  gallons  per  100  gallons  of  sewage,  and  CIiA 
(1900)  at  LawTcnce  obtained  concordant  results.  Kinnicutt  vk 
Eddy  (1901),  on  the  other  hand,  found  less  than  half  this  amoifflt 
(2.3  gallons)  produced  by  the  septic  treatment  of  the  acid-iron  set- 
age  of  Worcester.  The  composition  of  the  gas  appears  to  varywidek 
at  different  places,  but  as  a  rule  about  three-fourths  is  methane  aiw 
one-fifth  free  nitrogen.  The  amount  of  gas  prod\iced  and,  ingenem 
the  activity  of  septic  action  vary  greatly  with  the  t^emperature.  Fig. 
4,  plotted  from  the  daia  given  by  Kinnicutt  and  Eddy,  shows  thisin* 
striking  manner. 

The  first  septic  tanks,  like  that  at  Exeter,  were  covered  tightly.  W 
soon  appeared,  Yiov^evet,  \\ift.\>  \\v\^  Vj^^  ^^  ^«v\sA.tuction  is  not  at  au 
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lessary  to  the  maintenance  of  anaerobic  conditions.  If  sewage  be 
rely  allowed  to  run  slowly  through  an  open  tank  the  general  reac- 
is  appear  to  go  on  just  the  same.  At  Manchester  the  results  from 
ed  and  open  tanks  under  like  conditions  showed  no  marked  differ- 
3,  and  in  similar  experiments  at  Leeds  the  open  tank  gave  slightly 
jBT  results,  as  shown  in  Table  XIV.  For  promoting  anaerobic 
litions  tight  covers  are  therefore  needless.  Covering  has  been 
ocated  in  order  that  the  gases  produced  may  be  utilized  for  burn- 
and  that  the  temperature  of  the  sewage  may  be  maintained.  The 
ling  of  the  gases  is  picturesque  but  not  practically  important,  and 
temperature  of  open  tanks  is  never  seriously  lowered.  At  Leeds 
Eige  in  closed  tanks  lost  0.8°,  in  open  tanks  L6°  F.  For  the  pre- 
tion  of  odors  and  the  fly  nuisance  and  for  protection  against  wind 
rain  a  light  frame  roof  may  often  be  convenient. 

-E  'Xjy. —ResvJis  from  dosed  and  open  septic  tanks  at  Leed^,  England  (Harrison,  1900). 

[Parts  per  million.] 


Solids. 

Nltrof 

Free 
ammonia. 

23.6 
20.6 

25.5 
20 

;en  as- 
Albuminoid 
ammonia. 

Oxygen 
consumed 
in  4  hours 

at80°F. 

Total. 

Susp 

(ended. 

itank: 

'nide  sewage 

Effluent 

Mi  tenk: 

>iide  sewage 

Effluent 

1,710 

1,110 

1,720 

1              1-1.30 

633 
172 

666 
197 

11.3 
4.9 

12.4 
5 

124 
54.3 

131 
69.3 

cott-MoncriefT,  in  his  Ashtead  experiments,  used,  as  already  indi- 
ed,  what  was  really  a  septic  tank  filled  with  stone.  This  principle 
1  been  appUed  in  many  other  cases  to  the  construction  of  anaerobic 
?rs,  lateral  filters,  etc.,  of  various  types.  The  so-called  ^Madder 
3rs'^  tested  at  Leeds,  formed  b}'  a  series  of  trays  of  stone,  from  one 
he  other  of  which  the  sewage  flowed  continuously,  operated  on  this 
3ciple-  and  very  badly.  At  Salford,  roughing  filters  containing 
i-fourth  inch  to  2-inch  gravel  were  used  for  continuous  filtration  at 
ite  of  20  million  gallons  per  acre  i)er  day.  It  was  intended  to  wash 
se  filters  by  upward  flow  with  artificial  aeration,  but  they  have 
ged  seriously  (Baker,  1904).  At  Lawrence  a  thorough  study  has 
n  made  of  various  strainers  which  ()[)erate  with  more  or  less  con- 
nous  flow,  of  which  further  particulars  are  given  in  the  second  part 
his  report.  All  such  devices,  as  well  as  the  anaerobic  filters  installed 
iertain  sewage  plants  in  the  Middle  West, act  like  septic  tanks,  with 

additional  straining  action  due  to  the  included  material.  Against 
3  increased  straining  action  must  be  set  the  tendency  to  clog  and 

difficulty  of  cleaning. 

lie  most  important  point  in  the  construction  of  a  septic  tank  is  its 
3  in  relation  to  the  flow  of  sewage  wliich  is  to  pass  through  it.    The 
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^  /£50 
1000 


tank  is  really  a  sedimentation  basin  in  which  the  snp>ematant 
and  the  settled  sludge  both  undergo  fermentation.    The  constr 

of  special  "hydrolytic"  taiil> 
that  at  Hampton  (Baker,  10 
gratuitous,  since  the  bottom 
tank  necessarily  exhibits  the 
lytic  phenomena  to  a  hijrh  < 
The  first  requisite  is  that  the 
should  be  long  enough  to  all 
maximum  quantity  of  soUds 
tie  out.  From  laboratory 
ments  on  sedimentation  it  a 
that  this  maximum  is  about 
cent  and  that  it  will  be 
reached  by  six  hours'  } 
(Steurnagel,  1904).  Li  p 
it  has  often  been  found  that  a 
period  is  of  advantage,  perh 
the  Uquefaction  of  suspended 
of  too  fine  a  character  to  set 
The  Leeds  results  in  Table  X 
cate  an  appreciably  greater  r< 
in  twenty-four  hours  than  in 
hours,  while  further  prolong 
period  to  forty-eight  or  seven 
hours  is  of  no  advantage 
rules  of  the  local  govemmem 
require  a  septic-tank  capa 
one  and  one-half  times  th 
weather  flow,  and  actual  1 
practice  generally  contemp 
twenty-four  hour  period.  ^ 
niingham  the  septic  tanks 
acconnnodate  only  an  eigl 
flow,  but  ten  hours  of  adc 
storage  are  allowed  in  c 
tanks  and  a  long  conduit. 
(1902)  and  other  America) 
neers  provide  shorter  period 
only  four  to  eight  hours,  an 
tanks  operated  on  this  pr 
like  that  at  Lake  Forest,  s 
work  well.  On  the  other 
short  periods  of  septic  tre 
East  Cleveland   yiekl   less   satisfactory 


625 


40 


\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 
\ 

\ 

BACTE 

7/A 

\ 

\ 

\ 
\ 

\ 

\ 

\ 

\ 
\ 

\ 



\ 

AMMa 

NIA 

^^ 

-^ 

N, 

\ 

OXYOES 

CONSU 

^ED 

—Trc 

ALBUt^ 

^roT^ 

INOID  A 
TSUSPL 

\4M0MA 

2 
PEPfOD 


3 

DAYS 


FlO. 


5.— Progressive  effect  of  septic  action  at 
Lawrence,  Mass. 


at  Wauwatosa  and 
(WinsJow,  1905  b). 
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iU  XV. — Avfrage  of  analyses  illustrating  the  efed  of  different  rates  offfow  through  open 
septic  tanks  {Lee^s,  1905). 


12  hours'  flow.    |    24  hours'  flow. 


,    Parts 
:  prr  mil- 
lion. 


Piirifi 
cation 


.     Parts    :^^f^- 

«tion    nT-^LS.  ■  cation 

^^"^    I     lion  (P^^ 

cent).       "^""       cent). 


IsoUds 

endpd  sollda 

MCPnab- 

*ree  ammonia 

Jbuminoid  amra^Rla. . . 
9Pn  consumed  In  4  hours  : 
»»F j 


48  hours'  flow.    '    72  hours*  flow. 


Parts    i  ^"^- 
M-  -^^tion 


1,120 


18.8 
4.5 


61.2 


Purifi- 
cation 


Parts 

"^"'     :  cent). 


1.050 
141 


20.8  1 
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76 


37 

52 


ji  interesting  experiment  was  carried  out  at  Lawrence  on  a  small 
erimental  tank  wath  five  successive  compartments,  each  equiva- 
;  to  one  day's  flow.  The  results  are  shown  in  Table  XVI  and  are 
ited  in  fig.  5.  They  indicate  that  although  a  steady  change  in 
various  constituents  takes  place  the  chief  purification  is  ac<!om- 
hed  in  the  first  twenty-four  hours. 

LB  XVI. — Results  of  treatment  of  sewage  in  septic  tank  with  five  successive  compartments, 
each  holding  one  day* s  flow,  April  to  December,  190S  {Massachusetts,  1904)- 


ige 

wit  from  first  compartment  ( I)-l) . . . 
ent  from  second  compartment  ( I)-2) . 
ent  from  third  compartment  (D-3) . . 
wit  from  fourth  compartment  (p-4) . 
ent  from  fifth  compartment  (D-5) . . 


Free  am- 
monia. 


Analyses  (parts  per  million).  , 

Nitrogen  as—  _ 

_      Oxygen      jj^ctcria 

Albuminoid  am-     ^         .      -„£5!?f;n     I^er  cubic 

monia.  ^^^^Vf  '   "^^"      centimeter. 

~-      -      ~     -      rtahl 


2  min- 
utes' 


Total.  I  ^"^j«*;|"-    mXd.  !  boiJing.  [ 


33.8 
36.1 
37.9 
37.5 
3H.4 
35.1 


4.1 
3   ' 
2.7  . 
2.6  i 
2.2 
2.4 


2.3  11.6 

2   

1.9  6.4 

1.8  

1.6  

1.5  5.3 


40.1 

31.4 

28 

26.6 

25.0 

24.7 


1,8U<).IJ00 
I.IOO.OOO 
9i-)0,800 
800.000 
600,000 
600,000 


rhe  septic  period  should  not  be  too  prolonged,  since,  as  will  bo  seen 
3r,  the  anaerobic  fermentation,  if  carried  too  far,  may  produce  an 
uent  difficult  to  nitrify.  Furthermore,  it  is  probable  that  even  the 
lerobic  action  itself  may  be  checked  by  the  concentration  of  waste 
Kiucts  in  too  long  a  period.  The  marked  decrease  in  bacteria  in 
ble  XVI  indicates  some  such  toxic  action.  An  earlier  Lawrence 
)eriment  is  also  suggestive.  A  small  septic  tank  was  dosed,  not 
;li  sewage,  but  with  the  more  concentrated  sludge  from  settled 
»rage.  For  six  months  the  storage  period  was  from  five  to  fifteen 
jrs  and  sludge  accumulated,  filling  up  60  per  cent  of  the  tank.  The 
«  was  then  increased,  so  that  the  storage  period  was  reduced  to 
ty-nine  hours,  w^hen  the  accumulated  sludge  decreased  to  (S  per 
it  and  did  not  further  increase  for  a  year  (Massachusetts,  1901). 
Leeds  it  was  found  that  a  seventy-two-hour  septic  period  inter- 
ed  with  the  solution  of  sludge  (Leeds,   1905).     Clark  and  Ga^^e 
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(1905)  have  found  that  certain  types  of  bacteria  specially  active 
sewage  purification  increase  during  the  first  twenty-four  hours 
septic  treatment  and  then  fall  to  numbers  smaller  than  are  preseL 
raw  sewage.  It  seems  possible  that  too  long  a  period  of  action  i 
actually  favor  the  accumulation  of  sludge  while  producing  an  effli 
hard  to  nitrify.  Alvord  (1902)  for  these  reasons  suggests  the  ui 
an  "elastic  tank''  with  separate  compartments,  which  can  be  incli 
in  or  thrown  out  of  the  system  to  adjust  it  to  varying  conditio) 
flow  and  temperature. 

The  results  of  septic  treatment  in  three  English  cities  and  at  1 
rence,  Mass.,  are  shown  in  Table  XVII,  and  in  Table  XVIII  isi 
an  interesting  example  of  septic  action  on  an  intensive  scale. 

Table  XVll.— Effect  ofsepHc  treatment. 


Place. 


Kxct«?r. 
I^ceds . . 


JUrmlngham.. 


Lawrence . 


Solids.        I  Nitrogen  as— 


Material. 


I  Total. 


«„_         Free 


iSewage |  778 

I  Tank  effluent  ..J  503  i 

iSewase '  1,690 

I  Tank  effluent...  1.090  i 

Sewage '  1.967  j 
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154 
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670  I 


44.4 
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21 
31  9 


[Tank  effluent . 

(Sewage 

\Tank  effluent. 


1,399  I 

769  1 
597 


Albu- 
minoid 
ammo- 
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245  I      43.3 


232  I 

107  I 


38.1  I 
37.7 


11.7 
5.2 

13.7 

18.7 

7 
3.3 


Oxygen  con-  ,' 
sumed. 


Total. 


29 


Dls- 
I  solved. 


Remari 


2o.i!::::::::i|^p'^^^^'^»' 

127     I ||Fe_bniary, 


58.5 
153 


108 


\(    Januan- : 
76. 1  j  Septic  tank 
1901,  opei 
68.5  ' 

I?  I A    1898.toJ« 

•'*  1 I     1903. 


Note.— Oxvwn  consumed  in  four  hours  at  80°  F.  in  the  English  results;  in  two  minutes'  bo 
Lawrence.    Solids  in  LawTenee  figun>8  for  year  1902  only. 

Table  XVIII  shows  the  results  obtained  with  an  experimental 
at  Brockton,  Mass.,  in  the  treatment  of  very  strong  sewage  pui 
from  the  bottom  of  the  receiving  well  during  the  last  portion  c 
brief  daily  period  of  pumpage.  The  period  of  septic  action 
twenty-four  hours.  The  results  indicate  a  very  high  rate  of  pui 
tion.  Boiling  figures  that  of  the  suspended  solids  entering  the 
45  per  cent  remained  as  sludge,  6  per  cent  escaped  in  the  effluei 
per  cent  went  into  solution,  and  33  per  cent  disappeared  a 
(Barbour,  1904). 

Table  XVIII. — Results  of  treatment  of  slud^je  at  Brockton ^  Mass.,  Au^st  and  Sep 

1000  {Barbour,  mi',). 
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n  comparing  the  work  of  the  large  English  tanlcS;  shown  m  Table 
^11,  it  wiU  be  noticed  that  the  eflFect  on  free  ammonia  varies,  this 
istituent  sometimes  decreasing  appreciably,  as  at  Exeter,  but  gen- 
kUy  remaining  fairly  constant.  Sometimes,  as  at  Worcester,  it 
libits  a  marked  increase.  The  reactions  in  the  septic  tank  naturally 
J  materially  with  the  original  composition  and  age  of  the  sewage, 
a  very  fresh  sewage  there  is  always  a  considerable  formation  of  free 
monia  by  the  decomposition  of  more  complex  organic  bodies.  If 
3  process  has  been  completed  when  the  sewage  is  subjected  to 
tic  treatment  a  decrease  in  free  ammonia  may  be  expected  in  the 
ik.  Albuminoid  ammonia  and  oxygen  consumed  in  each  case  fall 
one-half  or  two-thirds  of  their  initial  value.  The  evidence  aecu- 
lated  by  the  royal  sewage  commission  indicated  that  an  increase 
free  ammonia  is  the  general  rule  in  English  septic  tanks,  while  the 
uminoid  ammonia  is  reduced  38  to  54  per  cent  at  Exeter,  50  per 
it  at  Leicester,  and  36  per  cent  at  Birmingham.  The  oxygen  con- 
ned was  reduced  25  to  33  per  cent  at  Exeter,  50  per  cent  at  Accring- 
i,  50  per  cent  at  Leeds,  36  to  60  per  cent  at  Leicester,  and  29  per 
it  at  Birmingham  (Martin,  1905).  A  curious  phenomenon  in  cer- 
n  septic  tanks  is  the  presence  of  oxygen  or  highly  oxygenated  com- 
inds  in  the  effluent  in  spite  of  the  active  reduction  which  takes 
ce  in  the  tank.  Thus  Barwise  (1904)  notes  the  occasional  presence 
Qitrates  and  nitrites  (up  to  1  part  per  million)  in  the  septic  effluent 
Exeter,  and  at  Burnley  after  twelve  hours'  treatment  in  the  septic 
ik  oxygen  was  present  to  the  extent  of  1  to  3  per  cent  of  saturation 
1  nitrates  up  to  10  parts  per  million. 

rhe  most  important  practical  result  of  septic  treatment  is  the 
Qoval  of  suspended  solids.  Tanks  at  Exeter,  Leeds,  and  Birming- 
m,  as  noted  in  Table  XVII,  show  a  reduction  of  56,  71,  and  64  per 
it,  respectively.  At  Leicester  the  removal  has  ranged  from  60  to  70 
:  cent.  At  Lawrence  181  parts  per  milUon  of  suspended  solids 
re  reduced  to  73  parts,  a  removal  of  61  per  cent  (Massachusetts, 
34).  Experiments  on  London  sewage  at  the  Crossness  outfall 
)wed  that  six  hours'  sedimentation  in  what  was  really  a  septic  tank 
ve  a  reduction  from  281  to  125  parts  of  suspended  solids  (Novem- 
r,  1900,  to  March,  1901)  and  in  another  series  (March  to  October, 
)1)  from  253  to  143  parts,  a  removal  of  56  and  43  per  cent,  respec- 
ely.  These  London  results  illustrate  the  gradual  increase  in  sus- 
iided  sohds  discharged  in  the  effluent,  which  is  sometimes  noticed 
ring  the  first  year  of  a  tank's  operation.  At  Leeds  127  parts 
peared  in  the  septic  effluent  from  March  to  June,  1899,  156  parts 
•m  July  to  October,  and  213  parts  from  November,  1899,  to  Feb- 
iry,  1900  (Leeds,  1900).  At  Huddersfield  the  septic  effluent  con- 
ned 66  parts  in  August,  1900,  82  parts  in  September,  113  parts  in 
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October,  122  parts  in  November,  and  117  parts  in  December  (R.  S.C, 
1902  b). 

The  action  of  the  septic  tank  on  dissolved  solids  is  a  variable  one,  as 
shown  in  Table  XIX,  taken  from  Kinnicutt,  with  the  'addition  of 
figures  from  a  recent  Lawrence  report. 

TablrXJX.— Removal  of  solids  by  the  aeptie  tank  (KinnicuU,  1902;  Clark,  1904). 

Solids  remoTed  (per 
Pl«e.  I         ctntottoul). 


j  Dissolved.  jSaqwDded. 

Exeter -  2.57  SIM 

Lawrence 2. 12  61.00 

Leeds 12.06  I  ms? 

Manchester 15.45  1  57.« 

Worcester 20. 67  I  25.  S7 


It  will  be  noticed  that  a  slight  removal  of  dissolved  solids  occurs, 
except  at  Exeter,  reaching  a  considerable  amoimt  at  Worcester.  The 
phenomena  in  the  case  of  Worcester  are  peculiar  on  account  of  the 
acids  and  iron  salts  in  the  sewage.  In  the  first  place  aU  the  reactions 
are  hindered  by  the  antiseptic  action  of  these  substances.  The  reduc- 
tion of  albuminoid  ammonia  is  small,  only  20  to  25  per  cent,  the  gas 
production  is  only  half  that  at  Lawrence  and  Manchester,  and  the 
liquefaction  of  sludge  is  imperfect.  In  the  second  place  the  propor- 
tionate decrease  of  suspended  solids  is  small  and  of  dissolved  solids 
great  on  account  of  the  reduction  and  precipitation  of  iron  com- 
pounds. 

Granting  that  the  septic  tank  effects  a  removal  of  60  to  70  per  cent 
of  suspended  solids  under  favorable  conditions,  the  fate  of  the  matter 
retained  must  next  be  determined — how  much  is  stored  as  sludge  and 
how  much  is  reduced  to  liquid  or  gaseous  form.  Evidence  before  the 
royal  sewage  commission  indicates  a  destruction  of  the  stored  soUds, 
amounting  to  26  per  cent  at  Manchester,  25  per  cent  at  Birmingham 
(too  low  a  figure,  since  a  great  deal  of  reducible  sludge  is  removed 
from  sedimentation  chambers  cleaned  out  weekly),  20  to  60  per  cent 
at  Leeds,  30  per  cent  at  Sheffield,  35  per  cent  at  Accrington,  40  per 
cent  at  Huddersfield,  50  per  cent  at  Glasgow,  and  80  per  cent  at 
Exeter  (Martin,  1905).  At  Saratoga  the  septic  tank  destroys  40  i>er 
cent  of  its  sludge  (Barbour,  1904).  This  value  will  naturally  vary 
widely  according  to  the  ratio  of  organic  to  inorganic  solids  in  the 
sewage,  the  inorganic  solids  being  much  less  likely  to  disappear.  In 
the  London  experiments  the  destruction  of  total  sludge  was  41  per 
cent  and  of  organic  sludge  71  per  cent  (Dibdin,  1903).  At  Hampton 
58  per  cent  of  the  organic  sludge  was  destroyed  (Baker,  1904). 

Practical  experience  with  septic  tanks  yields  widely  varying  results 
with  regard  to  the  destruction  of  stored  solids,  as  indicated  by  the 
necessity  for  emptying  the  tanks  and  removing  sludge.     At  Exeter 
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leron's  original  tank  was  operated  for  eight  years  without  clean- 
^,  but  from  the  present  installation^  with  a  fourteen-hour  period, 
pudge  is  pumped  out  once  a  month.  At  Barrhead  a  tank  has  been 
b&  use  for  six  years  (twenty-four-hour  period)  without  cleaning  and 
with  little  deposit.  At  Acton  (sixteen  hours)  a  tank  has  been  oper- 
^AiBd  for  fifteen  months  with  no  deposit.  At  Yeovil  (twenty-four 
Imduts),  Burnley  (twelve  hours),  Sutton  (five  hours),  and  Accrington 
K^wenty-eight  hours)  it  has  been  found  necessary  to  remove  sludge 
^l>out  once  a  year.  At  Oldham  the  tank  is  cleaned  every  two  or  three 
bnonths  (Baker,  1904).  American  plants  exliibit  similar  variations. 
tbe  Lawrence  tank  has  not  been  cleaned  for  six  years,  and  in  1903 
Wr^s  less  than  half  full  of  accumulated  sludge.  At  Marion  a  twenty- 
bour  tank  worked  for  two  and  one-half  years  without  emptying. 
A.t;  Mansfield,  with  a  twenty-four-hour  period,  admirable  results  have 
i>een  obtained,  only  an  insignificant  amount  of  sludge  having  accu- 
xnulated  after  thr^  years  of  use.  At  Plainfield  solids  accumulate 
Jn  the  form  of  scum  rather  than  sludge  and  are  removed  several  times 
m  year.  Sludge  and  scum  are  probably  largely  interchangeable,  a 
filight  difference  in  specific  gravity  determining  the  destination  of 
the  solids  (Barbour,  1904).  At  Lake  Forest  (four  hours),  the  tank 
lias  been  operated  for  three  years  ^dthout  cleaning,  while  at  Wau- 
l  watosa  (ten  hours)  the  tank  is  emptied  twice  a  year  ( Winslow,  1905  b). 
Of  conditions  in  Ohio,  Pratt  (1904)  said  in  1903: 

TYwre  are  now  in  use  10  septic  tanks,  while  plans  for  14  iiioro  have  been  made. 
I TW  present  tanks  have  been  in  operation  from  one  to  five  years.  As  sludge  destn^yers  they 
IWve  been  fairly  successful,  but  in  a  few  coses  offensive  odors  are  created,  and  in  some  the 
liffluent  from  the  tank  is  probably  not  in  the  best  possible  statx*  for  subsequent  oxidation  in 
■the  filters.  As  far  as  can  be  learned  the  tanks  have  continued  in  use  from  one  to  two  years 
I'vithoiit  decreasing  in  capacity  more  than  25  per  cent.  The  sc-um  fomied  at  the  surface 
Ind  bottom  accumulation  appears  to  remain  fairly  constant  after  reaching  a  certain  volume; 
I  but  a  change  in  the  composition  of  the  sewage  or  in  other  conditions  may  cause  a  .rapid 
i  in  the  deposits. 


On  the  whole,  it  seems  necessary  to  conclude  with  Baker  (1004) 

I  that  "in  the  majority  of  septic  tanks  thus  far  built  for  municipalities 

j  the  sludge  must  be  removed  at  intervals  of  a  year  or  less."     In  cer- 

[tain  special  cases,  as  at  Exeter  and  Mansfield,  lmkno^vn  conditions 

iDtervene  to  cause  a  more  complete  destruction  of  the  stored  solids. 

The  chief  purpose  for  which  the  septic  tank  has  been  introduced 
is  the  dhninution  of  suspended  matter  and  the  consetiuent  lightening 
of  the  sludge  burden.  It  is  claimed  l)v  some  experts  that  in  addition 
to  this  action  the  anaerobic  putrefaction  l)rings  the  soluble  constitu- 
ents into  a  form  in  which  they  are  more  easily  acted  on  by  the  nitrify- 
ing organisms.  Martin,  Cameron,  and  Fowler  all  expressed  this 
opinion  before  the  royal  sewage  commission  (Martin,  1905).  The 
writers  are  not  aware  of  any  data  which  support  this  contention. 
Harding  and  Frankland  (Martin,  1905)  are  skeptical  \va  \o  ^vvc\\  ^^ 
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advantage  and  Dibdin  (1904)  wholly  disbelieves  in  it.  On  the  otha 
handy  it  is  probable,  as  was  shown  before  the  royal  sewage  commis'] 
sion,  that  when  not  accurately  regulated,  "  the  anaerobic  process  may 
be  carried  too  far,  so  as  to  interfere  with  the  subsequent  aerobic 
action '^  (Dibdin,  1903).  Martin  and  Rideal  minimize  such  inte^ 
ferencc,  wliilo  Scott-Moncrieff,  Woodhead,  and  Fowler  consider  it 
of  great  importance  (Martin,  1905).  It  appears  certain  that  with 
strong  sewage  the  putrefactive  process  may  be  carried  so  far  that  ite 
products  will  check  the  aerobic  organisms.  In  experiments  at  Catop- 
ham  an  effluent  was  obtained  containing  1,260  parts  per  million  rf 
dissolved  solids,  288  parts  of  nitrogen  as  free  ammonia,  and  53  parts 
of  organic  nitrogen,  which  would  not  undergo  nitrification  until 
diluted  (Rideal,  1901).  Experience  at  Andover  leads  to  the  same 
conclusion.  Here  the  sewage  is  strong  and  already  twenty-four  houn 
old  when  it  reaches  the  disposal  area.  Most  of  it  is  discharged  on 
sand  beds  without  further  treatment.  While  the  beds  were  success- 
fully handling  raw  sewage  at  a  rate  of  0.03  miUion  gallons  per  acre 
per  day,  a  small  filter  gave  poor  results  with  septic  effluent  at  a  rate 
of  0.04  and  very  bad  results  when  the  rate  was  increased  to  0.1  (Clarfc 
1900). 

From  a  general  review  of  the  results  cited  above  it  is  not  easy  to  \ 
determine  just  how  much  is  to  be  gained  by  the  introduction  of  the  ^ 
septic  tank  in  a  sewage-disposal  system.  With  a  small  plant  receiv-  ■ 
ing  very  fresh  sewage  from  a  small  town  or  an  institution,  it  is  of 
great  advantage  in  breaking  up  masses  of  fecal  matter.  In  such  . 
plants  and  in  those  which  handle  considerable  quantities  of  manu- 
factural  waste  the  equalization  of  flow  and  composition  may  be  of 
much  importance.  The  latter  factor,  for  example,  carried  weight  at 
Manchester.  These,  however,  are  special  cases.  The  chief  point  is 
that  by  proper  septic  treatment  60  to  70  per  cent  of  the  solids  in  sew- 
age may  be  removed.  When  such  a  removal  is  necessary  before  final 
aerobic  treatment,  the  septic  tank  will  generaEj  be  found  the  best 
means  for  efTecting  it.  Compared  with  chemical  precipitation  it  has 
the  advantage  that  its  sludge  is  less  in  amount,  besides  the  fact  that 
the  cost  of  chemicals  is  saved.  Experiments  at  Oldham  (R.  S.  C, 
1902  b)  pointed  clearly  to  the  superiority  of  the  treatment  without 
chemicals,  and  at  Birmingham  the  substitution  of  septic  tanks  for 
precipitation  resulted  in  a  saving  of  $20,000  per  annum  and  a  decree 
of  25  per  cent  in  sludge  (Watson,  1903).  Whether  any  preliminary 
removal  of  solids  is  always  desirable  before  final  aerobic  treatment 
is  believed  to  be  by  no  means  certain.  English  authorities  strongly 
tend  to  the  opinion  that  such  treatment  is  necessary.  Rideal  (1901) 
holds  that  an  anaerobic  stage  is  necessary  in  the  process  of  sewage 
I)urification,  although  he  admits  that  it  maybe  accomplished  in  long 
sewers  without  special  treatmeiit.    Waid  and  Woodhead  maintain 
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;liat  the  destruction  of  cellulose  in  particular  can  be  accomplished 
Milv  under  anaerobic  conditions  (R.  S.  C,  1902  .  ).  Scoti-Moncrieff, 
?Wiittaker,  Stoddard,  and  Fowler  (Martiii,  1905)  all  hold  the  process 
4)  be  necessary.  The  practical  data  on  which  these  conclusions 
je  chiefly  founded  are  discussed  on  pages  63-64.  These  data  are  in 
;eneral  \\ye  results  of  experiments  at  Leeds,  Manchester,  and  other 
ities  which  showed  that  aerobic  filters  of  large  material,  worked  as 
on  tact  beds,  tended  to  clog  badly  when  treated  with  crude  sewage, 
rhile  they  worked  weU  if  the  sewage  was  previously  septicized.  Ex- 
periments on  coarse  filters  through  which  sew  ige  is  allowed  to  trickle 
iontinuously  have  suggested,  on  the  other  hand,  that  crude  sewage 
nay  sometimes  be  successfully  treated  at  rapid  rates  and  settled  later 
rfter  it  has  been  nitrified.  There  are  numerous  examples  in  nature* 
rf  the  destruction  of  organic  matter  by  purely  aerobic  processes. 
Even  cellulose  is  most  actively  attacked  just  at  the  surf;ice  of  the 
pt)und,  as  evidenced  by  the  decay  of  fence  posts.  Dibdin  (1904), 
dmost  alone  among  the  English  sanitarians,  has  recently  taken  a 
strong  position  against  the  theory  that  the  decomposition  of  cellulose 
must  necessarily  be  anaerobic.  The  writers  are  of  the  opinion  that 
the  anaerobic  process  has  not  been  shown  to  be  a  universally  neces- 
sary step  in  the  process  of  purification.  In  many  plants  it  will  no 
doubt  prove  useful.  In  other  cases,  however,  a  short  preliminary 
sedimentation  without  septic  action  or  subsequent  sedimentation  of 
a  trickling  effluent  obtained  by  the  treatment  of  crude  sewage  may 
be  more  economical. 

In  the  eastern  part  of  the  United  States,  where  ample  areas  of 
sand  of  the  right  quality  are  available  for  intermittent  filtration, 
the  use  of  the  septic  tank  is  rarely  held  to  be  necessary.  In  most 
cases  the  soUds  are  discharged  directly  on  the  surface,  where  they 
are  partly  oxidized  and  partly  accumulate  as  sludge.  In  tlie  Middle 
West,  on  the  other  hand,  wliere  sand  areas  are  limited  and  rates 
must  be  high,  the  use  of  the  sej)tic  tank  is  very  general.  Barl)our, 
Alvord,  and  Shields  are  all  strong  advocates  of  the  practice,  and 
the  plants  they  have  installed  work  \Qvy  satisfactorily  at  higher 
rates  than  those  in  use  with  raw  sewage  in  Massachusetts.  At  Sara- 
toga (Barbour,  1905)  the  rate  is  0.1,  at  Lake  Forest  it  is  over  0.4, 
and  at  the  Wauwatosa  county  institutions  0.4. 

PURIFICATION    OF    SEWAGES    BY    THE    tOXTACT    PKOC'ESS    IN    BEDS    OF 

COAKSE    MATERIAL. 

It  has  been  shown  that  tlie  scientific  development  of  the  j)roce!'S 
0^  purifying  sewage  by  the  a(;tion  of  oxidizing  bacteria  really  dates 
from  the  experiments  conducted  at  LawTcnce,  ^lass.,  under  tlie 
direction  of  Hiram  Y.  Mills.  The  direct  application  of  the  method 
of  mtemnttent  filtration  is,  liowcver,  rat\ier  ivaTtowVs-  \\\\\\\.q^  Vj 


the  whole  conception  of  sewage  purification.  With 
there  was  little  true  '' filtration/'  and  it  became  e 
bed  was  really  not  a  filter,  but  an  oxidizing  macl 
resistance  could  no  longer  be  depended  on  to  delay  1 
the  bed  sufficiently  to  allow  purification  to  occur, 
sary,  therefore,  to  regulate  the  rate  by  constructing 
tcri^,  in  which  the  sewage  could  be  retained  in  a 
filHng  material  and  its  accumulated  growth  of  i 
Hence  tliis  type  of  purifjring  plant  was  called  the 
It  operated  with  success,  attracted  wide  attention,  \ 
design  of  numerous  so-called  "biological  filters'*  on  si 
W.  J.  Dibdin,  chemist  to  the  London  county  cou 
the  first  English  sanitarians  to  grasp  the  essential  p 
age  purification.  In  studies  of  the  self-purification 
II.  C.  Sorby  had  pointed  out  as  early  as  1883  the 
living  organisms,  although  he  had  in  view  chiefly  t 
of  sohds  by  the  larger  microscopic  forms.  In  188* 
step  further  in  affirming  the  relation  of  organic  lii 
tions  wliich  take  place  in  a  purifying  stream.  D 
l)een  associated  with  both  these  observers,  read  a  j 
Institution  of  Civil  Fingineers  in  1887,  in  which  he 
whole  theory  as  follows: 

In  ull  probability  the  true  way  of  purifying  sewage,  where  aiitabk 
will  1)0  lirst  to  separate  the  sludge,  and  then  to  turn  into  the  effli 
pn)p<»r  organism,  what<*ver  that  may  l)e,  specially  cultivated  for  the 
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*«>    employ.     Four  wooden   tanks   were   installed   at   the  northern 

CBarking)  outfall.     E&ch  was  5  feet  deep  and  had  an  area  of  one 

^JWo-hundredth  of  an  acre,  and  they  were  filled,  respectively,  with 

\Mimt  clay,  pea  baUast  (Lowestoft  shingle),  coke  breeze,  and  a  com- 

Innation  of  gravel  and  sand  over  a  layer  of  proprietary  material. 

JUl  received  effluent  from  the  chemical  precipitation  tanks  at  an 

tTerage  rate  of  0.4  million  gallons  per  acre  per  day.     Sewage  was 

allowed  to  run  through  continuously  for  eight  hours,  the  rate  being 

controlled    by  partially  closing    the    outlet  valves,  and    the  beds 

were  allowed  to  stand  empty  for  aeration  during  the  remainder  of 

the  twenty-four  hours.     The  coke  breeze,  as  indicated  in  Table  XX, 

proved  most  satisfactory,  the  coarser  burnt  clay  yielding  a  much 

poorer  effluent,  and  the  sand  clogging  seriously  and  giving  a  clear 

but  imperfectly  purified  ffltrate. 

Table  XX. — Results  of  filtration  through  various  coarse  materiaU,  London  experiments ,  first 
series,  May  to  August ^  1892  (Clowes  and  Houston y  1904). 

[Part^  per  million.] 


Oxygen  con- 
sumed in 
4  hours  at 
80*»F., 
filtered. 


Chemical  effluent , 

Effluent  from  filter  No.  1  (burnt  clay) . . 
Effluent  from  filter  No.  2  (pea  baUast) . 
Effluent  from  filter  No.  3  (coke  breeze) . 
Eflhient  from  filter  No.  4  (sand,  etc.) . . . 


20.1 
11.6 

9 

7.2 

7 

2.7 

1.3 

1.3 

1.1 

.8 

Albuminoid 
nitrogen. 


Coke  breeze  was  fixed  on  as  the  best  material  for  further  experi- 
ments, and  a  second  series  was  begun  to  study  the  details  of  prac- 
tical operation  on  a  larger  scale.  A  filter  bed  1  acre  in  area,  con- 
sisting of  3  feet  of  pan  breeze  covered  with  3  inches  of  gravel,  was 
constructed  at  Barking  and  put  into  operation  in  September,  1893. 
At  first  the  bed  was  dosed  too  heavily  and  soon  became  clogged  and 
foul.  The  fieed  for  rest  and  aeration,  especially  when  a  new  filter 
is  first  operated,  was  thus  clearly  shown.  After  three  months'  rest 
the  bed  could  handle  two  fillings  a  day,  the  sewage  being  allowed 
to  stand  in  it  for  a  period  of  from  one  to  two  hours.  The  cycle 
finally  established  allowed  one  and  one-half  hours  for  filling  the 
bed,  two  hours  for  standing  full,  two  and  one-half  hours  for  empty- 
ing, and  six  hours  for  aeration.  When  gradually  worked  up  to  its 
full  capacity  sewage  could  be  treated  at  a  rate  of  1.2  million  gallons 
per  acre  per  day;  the  purification  effected  by  the  filter  suffered  no 
reduction  with  age;  and  the  analytical  results  were  excellent,  as 
indicated  in  Table  XXI. 
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Table  XXI. — ResuUs  ofcmUact  treatment  at  London ^  acreJUter  {Clowes  cmd  Houston,  190fl 

[Parts  per  million.] 


Period. 


'"/C 


lOurs  at  80*  F. 


Chemical      Filter  ef- 
efllucnt.         fluent. 


September-December,  1893 

April-Jime,  1894 

July-November,  18&4 

Januarv-March,  1895 

April-September,  1895 

May-June,  1897 

1900-1901 


Nitrogm  i 


NitratM. 


Free  ammonia.        i 

Chemical      Filter  ef-   I  Chemical      FOterif- 
effluent.         fluent.  effluent.        floon. 


4.8 
4.9 
4.7 
4.8 
4 


1.4 
1.1 
1.3 
1.4 
1.3 
.9 


1.6  I 

1.8  I 

-I 

:5! 


Lf. 
If 
S 

HT 
7.1 
il 
10 


The  early  London  experiments  of  Dibdin  have  been  greatly  extended 
since  1 898  by  Clowes  and  Houston.  Various  details  of  construction  and 
operation  were  worked  out  at  both  the  Barking  and  Crossness  out- 
falls,  and  the  recommendation  was  finally  made  that  the  present  plan 
of  chemical  treatment  be  abandoned  and  that  the  London  sewage  be, 
first,  settled  to  remove  gross  mineral  matter;  second,  septicized  for 
six  hours;  and,  third,  treated  in  single  contact  beds  of  coke,  12  feet 
deep,  at  a  rate  of  5.2,  attained  by  four  fillings  per  day  (Clowes  and 
Houston,  1904). 

In  1894,  as  a  result  of  the  first  Barking  experiments,  Dibdin  in- 
stalled seven  experimental  contact  beds  at  Sutton,  in  Surrey.  Here 
two  important  modifications  of  the  contact  system  were  introduce. 
In  the  first  place,  the  sewage  was  subjected  to  successive  treat- 
ments, first  in  coarse  and  then  in  finer-grained  beds — the  "double 
contact''  system.  In  the  second  place,  after  the  process  had  worked 
well  with  chemical  effluent,  as  it  had  done  at  London,  the  treatment 
of  crude  sewage  was  attempted.  Beginning  November,  1896,  a 
double-contact  system  treating  crude  sewage  was  operated  for  the 
first  time.  The  depth  of  the  beds  was  3  feet  6  inches,  and  the  filling 
material  burnt  ballast,  larger  than  three-eighths  inch.  Two  fillings 
a  day  were  made,  giving  a  rate  on  each  individual  bed  of  0.9.  The 
analytical  results  showed  a  reduction  of  oxygen  consumed  from  76 
parts  per  million  in  the  sewage  to  26  parts  in  the  effluent  of  the  firs^ 
bed  and  10  parts  in  the  effluent  of  the  sexjond  bed  (Dibdin,  1903). 
The  system  worked  for  five  years  with  admirable  results.  At  pres- 
ent sewage  is  carefully  screened  (2  to  3  tons  of  solids  per  million  gal" 
Ions  being  removed)  and  then  treated  in  primary  coarse  beds  of  bum^ 
ballast  and  secondary  fine  beds  of  coke  breeze,  at  a  combined  rat^ 
(based  on  the  area  of  both  sets  of  beds)  of  0.36.  It  is  calculated  that 
the  cost  of  operation  is  only  about  $20  per  million  gallons,  as  against 
$75  for  the  original  treatment  with  iron  sulphate  and  lime  (Rideal, 
1901). 
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eneral  principles  of  the  contact  system  being  thus  established, 
les  necessary  to  work  out  details  of  construction.  One  of  the 
these  details  concerns  the  nature  of  the  filling  material.  In 
ton  tanks  it  was  found  that  burnt  clay  gave  somewhat  better 
than  the  other  substances,  although  it  tended  to  break  down 
Granite  and  slate  proved  niore  permanent  (Thudichum,  1903). 
)ortant  series  of  experiments  carried  out  at  Barking  and  Cross- 
189.S-1901  showed  that  for  treating  London  sewage  coke  was 
)le  to  stone,  as  indicated  in  Table  XXII. 

Ul.— Results  of  contact  treatment  at  London  (Barlring),  1S98-1901  {Clowes  and 
Houston ,  190J^).     Analyses  of  effluents. 

[Parts  per  million.] 


Period  and  treatment. 


Suspended 
solids. 


1808,  to  April,  1809: 

ewage 

contact,  raestone,  6  feet 

contact,  coice.  6  feet 

900:  Sept  21, 1800,  to  May  10, 1900:    ' 

ewage 661 

contact,  coarse  coke,  10  feet 73 

contact,  coarse  and  fine  coke,  10  feet  31 

I.  to  Aug.  10, 1901:  I 

ewage 667 

ank  A 177 

ooke  bed,  6  feet 100 

Ank  B >  139 

ke  bed,  6  feet i  32 


Oxygen  consumed 
in  4  hours  at  80*»  F. 


Total.      Dissolved. 


145 
32 
24 

124 
38 
23 

120 
84 
51 
82 
37 


54 
28 
20 

63 
23 

18 

68 
64  , 
33  I 
53  ' 
76  , 


Nitrogen  s 


Nitrites. '  Nitrates. 


_l_ 


0.2 
1.6 
.7 

.2 
1.2 
.6 

.1 
.0 
.4 
.0 
.6 


1.3 
21.7 
12.5 

1.1 
10.2 
21.8 

.4 

1.7 
7.6 
1.3 
12.0 


n  and  Thudichum  report  a  series  of  studies  summarized  in 
[XIII  which  again  indicate  the  superiority  of  coke. 


^lll.— Comparison  of  filtering  material  (mean  values)  {R.  S.  C,  1902  a).    Analyses 
of  effluents. 

[Parts  per  million.] 


L 


Material. 


j  Oxygen  con- 


Nitrogen  as- 
sumed In 

I       Free       |  Albuminoid   '    4  hours  at 
I  ammonia.  <    ammonia.  80**  F. 


16.6 

0..58 

23.4 

1.04 

23.8 

.12 

0.94 
1.52 
1.55 


iwrence,  also,  by  far  the  best  results  have  been  given  by  coke, 
materials  give  better  qualitative  results  than  smooth  mate- 
5roken-stono  filters  have  not  been  particularly  efficient  (Mas- 
bts,  1903).  The  general  results  obtained  at  Lawrence  on  sin- 
act  filtration  are  shown  in  Table  XXJV. 
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Table  XXIV.— /?fWl»  tf  ititi^-eoniaei  t-eainuni  ai  Lawrence,  Mwt9.  (FiBtrJX 


KO.  of  ftltlT 


UAtf^rbU. 


1£J3..,,.„ ,   I- to  1  iT*rh  rokcL 

107<- (Mudrrs 

135 .  - . , t-  to  l-lnch  stoQfi 

154 > f  oke.  hraeae . . , 

li7.* .......   Stone  (walnut) 

17« '  i-loJ-inchcokfl, 


00 
34 
214 

4S 
48 

m 


PiViUni* 
tnary 

fncrtt. 


Si 


I  tA 


Septic. J  O.ft 

None.  ^  J    .&5 

Sflptlc. 
None*. 


AqkIt  ■««  CpartA  per  mtllkn> 


Sew*»e. 


NUrogBn 


^.7 

37.g 
58.7 


li 


3.S 
4.0 

ft.fi 


27.3 

S4.5 
4fl.i 
45.4 
63.0 
43.^ 


NItrogefit 


il 


I 


7.t  I  0,1 

13.4  :  t7 

4i,3  t.3 

la.  1  L« 


At  Binningham  it  was  found  that  the  purification,  measured 
reduction  in  oxygen  consumed,  was  64  per  cent  with  broken  stone 
per  cent  with  slag,  and  93  per  cent,  with  coal  (Bredtschneider  i 
Thumm,  1004).  There  is  some  evidence  (see  p.  82)  that  coal  en 
a  specially  favorable  action  in  trickling  filtration  (Hill,  1897). 
Manchester  (1901)  materials  containing  iron  were  found  to  yield] 
ticulariy  good  results.  At  Hamburg  it  appeared  that  the  amoun 
porosity  is  immaterial  and  that  the  chief  desideratum  is  iron  cont 
Thumm,  by  the  addition  of  1  per  cent  iron  to  gravel  or  pumice, 
creased  the  purification  in  two  contact  beds  from  46  and  42  to  66 
62  per  cent,  respectively  (Thumm,  1902). 

A  series  of  experiments  on  various  materials  conducted  by  Zah 
Cliarlottenl)urg  in  1901  showed  that  brick  gave  the  best  results, 
lowed  by  slag,  coal,  coke,  and  gravel  in  the  order  named.  The  res 
are  brought  together  in  Table  XXV.  In  each  case  the  secondary  s 
filter  was  oj)erated  as  a  contact  bed,  ihe  sewage  standing  on  it  ui 
a  head  during  the  full  period.  It  acted  chiefly  as  a  strainer  to  ren 
suspended  solids. 

Table  XXV. — ReHuUs  of  Charlottmbvrg  experiments  on  contact  JUtraHon  (Zahn,  j 

[Parts  per  million.] 


Total  solids.     Suspended  solids.' 


Nitrogen  i 


Loss   ' 


Loss  on  1  Free  am- 


Total,  on  Igj.!-:  Total.  ;  ,^7,-    — ^ 


Albumi- 
noid am-   Nitrates. 


0 
Present. . . 

do... 

do... 

do... 

....do... 

do... 

....do... 

do... 
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Xn  general,  these  results  with  regard  to  kind  of  material  are  sonie- 
'^liat  inconclusive.  Coke  and  coal  seem  particularly  favorable  and 
^he  presence  of  iron  is  apparently  important.  Cameron  and  Harding 
^^nsider  smoothness  of  surface  desirable  (R.  S.  C,  1902  a),  but  this 
^^nclusion  is  scarcely  borne  out  by  the  successful  use  of  coke. 

The  nature  of  the  material  used  will  necessarily  depend  much  on 
l«cal  conditions.     Its  size  is  more  a  matter  of  choice  and  this  factor 
5aB  of  even  greater  practical  importance.     Reference  to  the  Hamburg 
Ksults  in  Table  XXVIII  illustrates  this  point.     It  will  be  noticed  that 
<one-eighth  to  five-sixteenths  inch  material  in  experiments  B  and  C 
r  gave  twice  as  much  purification  as  three-eighths  to  IJ  inch  material 
=  in  experiments  L,  M,  N,  and  P.     The  high  purification  in  these 
"beds  was,  however,  accompanied  by  great  loss  of  capacity.     At  the 
royal  testing  station  at  Berlin,  it  was  found  in  experiments  w4th 
several  different  sewages  that  one-third  to  1  inch  slag  for  the  first  con- 
tact and  one-eighth  to  one-third  inch  slag  for  the  second  contact  gave 
the  best  results.     The  primary  beds  effected  a  purification  of  20  to  30 
per  cent.     The  secondary  beds  raised  this  figure  to  70  per  cent  and 
produced  a  nonputref active  effluent  (Thumm,  1902).     Clowes  and 
Houston  (1904),  as  a  result  of  their  London  experiments,  recom- 
mended the  use  of  ''walnut-size  coke.*'     In  evidence  before  the  royal 
sewage  commission,  Fowler  recommended  one-eighth  inch  material, 
Cameron  one-eighth  to  one-half  inch,  Frankland  one-eighth  to  tlu'ee- 
fourths  inch,  and  Dibdin  one-half  to  4  inch  for  first  contact  and  one- 
sixteenth  to  three-eighths  inch  for  second  contact  (Martin,   1905). 
Barwise  (1904)  suggests  the  use  of  coarser  filling — 3  to  5  inch  material 
for  primary  beds  and  one-half  to  1  \  for  secondary  beds  to  treat  septic 
effluent.     An  interesting  suggestion  has  recently  l)een  made  by  Dibdin 
(1904),  who  recommends  the  construction  of  ^^multiple-surface  bac- 
teria beds"  of  tiers  of  slate  or  brick  regularly  built  up  so  as  to  secure  a 
liquid  capacity  sometimes  reaching  80  per  cent.     A  bed  built  at 
Devizes  on  this  plan  is  said  to  have  cost  less  than  one-third  as  nuich  as 
an  ordinary  coke  bed.     Analvses  from  such  a  bed  an^  shown  in  Table 
XXVI. 

Table  XXVI. — Results  from  mnlti'pUsnrface  barteria  hui,  Fehruary  U  to  March  2't,  lUOJ^ 

(DiMin,  Km)' 

Average  number  of  fillings  per  day i).Ki 

Nitrogen  as  albuminoid  ammonia: 

In  sewage parts  |)er  million. .  9. 9 

In  effluent do 4,8 

Oxygen  consumed  in  4  hours  at  80°  F.: 

In  sewage do 70.  G 

In  effluent do ....  58. 7 

If  a  bed  were  filled  with  perfect  spheres  of  uniform  size  its  open 
space  or  water  cay)acity  would  be  26  per  cent  of  its  original  cubic 
capacity.     In  beds  built  of  the  ordinary  materials  actvi«.llv  v3LSQ.d  <l\i& 
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value  varies  from  30  to  50  per  cent.     With  progressive  use  the  capacit 
decreases,  and  this  is  one  of  the  most  serious  problems  in  the  operati 
of  the  contact  bed. 

In  an  admirable  analysis  of  the  causes  which  affect  the  loss  o 
capacity  in  contact  beds  the  Manchester  experts  (Manchester,  190 
arrange  them  under  the  following  five  heads: 

(a)  Settling  together  of  the  material. 

(b)  Growth  of  organisms, 
(r)  Impaired  drainage. 

(d)  Insoluble  matter  entering  the  bed. 

(e)  Breaking  down  of  the  material. 
The  first  cause  must  always  operate  to  a  considerable  extent  andii 

part  accounts  for  the  great  initial  loss  when  the  bed  is  first  put  i^ 
operation.  If  the  original  liquid  capacity  is  det^mnincd,  not  bf 
filling  with  water  and  measuring  the  effluent,  as  should  be  done,  but 
by  measuring  the  amount  of  water  or  sewage  required  to  fill  it,  the 
initial  loss  will  appear  much  larger  than  it  really  is,  by  the  amount  d 
water  required  to  saturate  the  surfaces  and  pores  of  the  dry  materid. 
The  relative  importance  of  this  initial  loss  and  of  the  true  loss  due  to 
settling,  growth,  etc.,  is  indicated  in  Table  XXVII. 

Table  XXVII. — True  and  apparent  loss  of  capacity  in  a  contact  bed  (Martin ,  1905). 


Capacity. 


n^nr^T,^     Percent 


Total  cubic  contcnta 

First  lUliiig,  Aug.  15,18U6. 

Filling  Aug.  21,  1896 

Filling  Nov.  14-15, 1896 ... . 


23,431  I  Xn 

13,775  '  » 

10,302  !  44 

7.883  ;  34 


i 


The  actual  decrease  in  capacity  after  the  first  filling  is  partly  due, 
as  noted  above,  to  the  breaking  down  of  uniform  materials  into  pieces 
of  more  varied  size  which  become,  more  closely  packed  together.  The 
amount  of  tliis  loss  may  be  measured  by  the  space  left  by  the  settling 
over  tlie  top  of  the  material.  At  Pawtucket  it  was  estimated  that 
about  one-tliird  of  the  total  capacity  loss  in  eighteen  months  was  due 
to  tliis  factor.  Such  loss  may  be  avoided  to  a  great  extent,  as  has 
been  pointed  out  above,  by  the  use  of  compact  and  permanent  filling- 
This  was  shown  very  clearly  in  the  Hamburg  experiments.  Table 
XXVIII  shows,  by  a  comparison  of  experiment  G  with  H  and  I  and  of 
experiment  N  with  M  and  O,  that  slag,  while  giving  as  good  analytical 
results  as  coke  and  gravel,  showed  appreciably  less  loss  of  capacity. 
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XXVIII. — Statistics  of  Hambvra  experiments  on   contact  filtration   {Dunbar  and 

Thumm,  1902).  - 


C 

f:: 


M.. 
».. 
0.. 
P.. 


Material. 


Kind. 


Size 
(Inches). 


Slag... 

do. 

Coke... 


Slag... 
Gravel. 

Coke... 
S!ag... 
Coke... 
Oravel. 


Gravel  + 
1  per 
cent 
iron 
t  u  rn- 
ings. 

Coke 

Slag 

Gravel.... 

Brick 


J  to  A 
*toA 

Atoj 
Atoj 

Atoi 

Atol 


to  12 
to  U 
toU 
tol! 


Kind  of  sewage 
received. 


Nnm- 
lx>r  of 
ffUings 
per 
aay. 


Raw . . . 
....do. 
....do. 


Effluent  from  L 
....do 


....do I 

Effluent  from  N 

....do ' 

Effluent  from  M  (4  • 

months)  and  P  (7  , 

months). 
Effluent  from  M 


C^ 


20 
14 
15 

15 
11 

15 
U 
11 
11 


Raw 3to6 

do 3  to  6 

. . .  .do 3 

....do 3 


I 


12  I 
12  1 


Oivpcn 

i^ondunaed 

CRpflclty 

In  10  mm- 

L  parrs  piT 

miU^on). 

Remarks. 

Sow- 
age. 

Em* 

ent. 

°^ 

Pinal 

M 

27 

33 

20 

1)1 

21 

4t 

tif 

m 

,12 

3K 

*»*) 

Waahed 
twice. 

m 

20 

43 

!7 

9\ 

1* 

7t 

14 

Washed 
once. 

^> 

m 

m 

23 

QO 

rtn 

m 

S 

(VI 

:*7 

m 

n 

W 

& 

31 

ifi 

(H) 

29 

SI 

n 

vt      m 

44 

:ts 

sa      m 

48 

m 

f«      m 

3A 

M 

, 

BS 

4A 

^4 

m 

a  Fell  to  18  per  cent  IWoro  last  washini?. 

In  England  the  loss  of  capacity  due  to  breaking  down  of  material 
bas  been  found  to  be  serious  with  clay  not  thoroughly  burnt,  and  the 
need  for  permanent  filling  has  led  to  an  extensive  use  of  various  sorts 
of  furnace  clinker.  Many  English  beds  are,  however,  still  built  of 
friable  stuff.  Baker  (1904)  says:  *'It  seems  strange  to  an  American 
to  see  so  much  perishable  material  used  for  filter  beds,"  and  suggests 
tliat  in  the  United  States  gravel  or  broken  stone  >\nll  probably  be 
preferable  to  cinders,  clinker,  or  brick. 

The  capacity  loss  due  to  impaired  drainage,  like  that  from  the 
breaking  down  of  material,  may  be  controlled  to  some  extent  by 
proper  construction  of  the  beds.  The  other  two  losses,  due  to  growths 
and  to  deposition  of  solids,  are  more  or  less  inevitable. 

The  loss  of  capacity  due  to  the  growth  of  organisms  is  more  or  less 
directly  correlated  with  an  increasing  purif^^ing  power  of  the  bed.  At 
Manchester  it  was  found  that  ^'the  chemical  cfRciencv  is  increased 
by  a  loss  of  capacity.  These  beds  purified  four  doses  after  they  had 
become  partly  clogged  as  readily  as  three  when  clean.  The  amounts 
were  about  the  same  in  the  two  cases."  (Manchester,  1899.)  Dun- 
W  gives  the  figures  quoted  in  Ta])le  XXIX  to  illustrate  tliis  point. 
He  considers  that  the  ability  of  the  filter  to  absorb  rapidly  free 
ammonia  from  the  sewag^e  is  an  index  of  the  amount  of  growth  witliin 
the  filter. 
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Table  XXIX. — ImjjTovemenJl  in  ammonia  ahsorption  in  a  amtadJUter  (Dunbar  and  Thimmf , 


Months  at 
work. 

1 
2 

8 
10 
14 

Lo5.s  in  aromon'a  (per 
cent). 

Single     1     Double 
flU:ng.      1      fiUing. 

».l    !           14.6 
34.6    1           30.9 
35.2    i            23 
47.1    '            41.3    1 
43        ;            41.2    1 
40.:)    !            41  6 
1                        ] 

This  sort  of  loss  duo  to  growth  is  almost  independent  of  the  charac- 
ter of  the  liquid  filtered.  Dunbar  treated  coke  contact  filters  with 
various  substances  (134  filHngs  in  four  months)  and  found  with  tap 
water  a  reduction  in  capacity  from  48  to  40  per  cent;  with  tap  wat^r 
plus  1  per  cent  urine,  from  47  to  37  per  cent;  with  unfiltered  sewage 
from  48  to  37  i)er  cent ;  with  filtered  sewage,  from  48  to  40  per  cent, 
and  with  sewage  precipitated  w^th  lime,  from  44  to  36  per  cent  (Dun- 
bar and  Thumm,  1902). 

The  loss  of  capacity  due  to  the  deposition  of  the  insoluble  mineral 
matter  which  enters  the  beds  is  also  serious  and  in  England  has  neces- 
sitated the  complete  renewal  of  many  contact  filters.  It  may  be 
avoided  to  a  considerable  extent  by  preUminary  straining  and  sedi- 
mentation, and  it  tends  to  be  concentrated  in  the  upper  layers  of  the 
filter.  With  some  sewages,  however,  it  seems  clear  that  contact  filters 
will  recjuire  frequent  renewal.  The  experiments  at  I^eds  furnish  a 
good  example  of  this.  Table  XXX  indicates  a  reduction  to  values  as 
low  as  9  and  1 1  per  cent.  It  appeared  evident  to  the  experts  in  this 
case  that  in  order  to  treat  Leeds  sewage  in  contact  beds  it  was  neces- 
sary to  use  an  oven,  hard  filling  material,  to  remove  suspended  mineral 
mutter  ])v  careful  sedimentation,  and  to  exclude  iron  compounds  from 
the  sewers.  Even  then  they  considered  the  permanency  of  the  beds 
more  than  doubtful. 


T.VBLE  XXX. 


hhss  of  ropftciitf  in  contact  heda  at  Leeds — raw  and  aettUd  setraae  {Leedt, 
1905). 


No.  (.f 


Material. 


rorio<i. 


1 Coko.  not  loss  than  3  inohos . .  Oct.  2.  l.Sf>7.  to  Oct.  7.  1899 

.\ j  (linker,  f  to  1  imh Nov.   19.  1898.  to  Jan.   10,    1901. 

:. I  Cimkor.  1  to2imh«'.s Fob.  27,  1H99.  to  Doc.  30  1900.. 

7 1  (linker.  %  to  1  ineh Mar.  s.  1895).  to  Feb.  15.1001 

X I  Clinker,  I  to  1  inch Mar.  .TO,  1898,  to  Sept.  1.  1899  .... 


Original   ' 
capacity   , 
(percent).. 

Final 
capacity 
(percent). 

48.' 
51 
52  , 
31  ! 
31  1 

i: 

H 
11 
9 
12 

It  is  possible  to  restore  the  original  capacity  of  contact  beds  to  a 
considerable  extent  by  allowing  them  to  rest  empty  for  several  weeks 
Table  XXX [  show^s  how  efficient  this  process  was  at  York  and  at 
Leeds  in  the  case  of  two  of  l\\o.  Wds  «A>ox^  xeieTT^  to,     Re«t  can  of 
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eflfect  only  the  disintegration  of  the  organic  growth  and  can  not 
the  accumulated  mineral  matter.  The  restoration  of  capacity 
erefore  never  be  complete. 

Table  XXXI. — Loss  in  capacity  of  contact  beds  and  its  recovery  by  resting. 
NABURN  DISPOSAL  WORKS.  YORK  (YORK,  1901). 


U.  8. 
gallons. 

Bed  No.  1.  I 

•city 55,200 

aid  capacity 22, 300 

laya' work 11,200 

lays'  rert 16, 400 

laya' work 11,500 

KN08TR0P  SEWAGE  WORKS,  LEEDS  (LEEDS,  IflOO). 

_  ^  .  _ 

Bed  No.  7.  fingle  contact. 

laclty 222,000 

luid  capacity 06, 800 

days'  work 25, 900 

laya' rest 64,200 

days'  work 30, 700 

Bed  No.  8,  Hngle  contact. 

mdty '  113,000 

[Uid  capac.ty 35, 400 

days'  work 12. 800 

lays' rest 32,300 

days'  work 1 1 ,  800 


Per  cent 
open  space. 


100 
40 
20 
30 
21 


100 
31 
12 
30 
14 


100 
31 
11 
28 
10 


treatment  of  septic  effluent  instead  of  crude  sewage  greath'  pro- 
ihe  Ufe  of  the  contact  bed.  In  the  Barking  experiments  (Clowes 
ouston,  1904)  the  capacity  of  two  primar^^  coke  beds  fell  in  ten 
IS  from  69  and  70  per  cent  to  20  and  18  per  cent,  respectively, 
iary  beds  showed  only  a  reduction  from  62  to  51  per  cent 
b)  and  from  53  to  44  per  cent  (fine).  The  stone  beds  lost  about 
3ent  of  their  original  liquid  capacity  per  week.  A  series  of  ex- 
mts  with  septic  effluent  followed,  in  which  after  the  first  loss  a 
ty  of  about  30  per  cent  was  constantly  maintained.     At  Ijceds 

found  that  beds  taking  septic  effluent  showed  much  higher 
ties  than  those  which  received  crude  sewage.  Similar  conclu- 
«rere  drawn  by  the  experts  at  Manchester,  although  the  experi- 

made  with  crude  sewage  were  not  exhaustive.  The  capacity 
8  treating  septic  effluent  decreased  during  tlie  first  three  months 
len  remained  fairly  constant  at  about  38  per  cent  (of  the  original 
contents),  as  shown  in  fig.  6.  At  Burnley,  with  septic  effluent, 
pacity  of  contact  beds  fell  from  44  to  H)  per  cent;  at  Exeter  it 
Mn  39  to  28  per  cent,  and  at  I^icester  fro^n  49  to  29  per  cent, 
tton  a  minimum  of  21  per  cent  was  readied  (R.  S.  C,  1902  a). 
dham  "no  clogging"  was  reported  after  two  years  (Oldham, 
In  still  other  places  even  crude  sewage  has  been  treated  with 
ts.  At  West  Bromwich  the  capacity  of  priiuary  beds  fell  f rowx  'Vv^ 
7er  cent  and  of  soeond&ry  beds  from  *.V.^  to  24  pex  ce^w\)  \w  ^v5\w^- 
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thing  over  a  year.  At  Newbury  the  capacity  of  single-contact  h 
of  cUnker  fell  from  19,000  to  10,000  gallons,  and  that  of  gravel  Ix 
from  19,000  to  9,000  gallons  in  a  year's  operation.     At  Hampton  i 


r 


i^ 


4' 


/// 

f  1 
/    1. 

\ 

\ 

V 

/ 

1 
1 

/ 

\ 

i 
j 

i 

(/ 

/ 

1 

1 
1 

1 

A 

w 

\ 

V 

i 

7 

/ 
/ 
/ 

\ 

i 

V 

/ 

/ 

/ 

y 

y 

1 

\ 
\ 

^1 

\         \ 

,X 

X 

y 

^ 

^y^ 

y^ 

J 

^'' 

y' 

1 .. 

^ 

I 


I 

t 
i 

I 


claimed  that  coarse  beds  after  more  than  two  years  maintain  '* 

original  liquid  capacity."     At  Maidstone  and  Wellington  (Sonu 

ahsenQe  of  sludge  deposits  Va  tVv^  \>eii^^%.^  T^^Qrc\,^V^.^.Q,.,ViC 
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.      Experiments  in  Germany  have  shown  less  favorable  results  as  to 
pBlogging,  perhaps  from  the  use  of  rather  fine  material  and  the  treat- 
3Bient  of  very  strong  sewages.     Dunbar's  figures,  as  given  in  Table 
^KXVIII,  indicate  final  capacities  of  only  15  to  20  per  cent  with  mate- 
itjal  ranging  down  to  one-eighth  and  three-sixteenths  inch.     Experi- 
BXients  M,  N,  O,  and  P,  with  three-eighths  to  IJ  inch  material,  show 
^tesults  substantially  like  those  obtained  in  England.     German  prac- 
tice, however,  tends  to  single  contact  in  beds  of  fine  material.     Under 
ttuch  conditions  it  appeared  at  Hamburg  that  the  loss  in  capacity 
'iront  on  in  a  pretty  regular  ratio  to  the  amount  of  applied  sewage,  the 
\ieda  soon  being  so  clewed  that  their  capacity  fell  to  15  or  20  per  cent. 
"The  average  reduction  with  different  materials  is  shown  in  Table 
2IKXII.     Capacities  were  not  satisfactorily  restored  by  periods  of 
lest. 

Table  XXXII. — RedwHon  in  capacity  of  Hamburg  filters  (Dunbar  and  Thumm,  190S^. 


IfAtflrUO. 

Loss  in  ca- 
pacity (gal- 
lons per 
mill.on  gal- 
lons fil- 
tered). 

Material. 

Loss  in  ca- 
pac.ty  (gal- 
lons per 
million  gal- 
lons fil- 
tered). 

aifiifU  eonlaet,   - 
«af,i-toA-indi 

i        1.330 

1         1,680 

340 

1                   Second  cordact. 

'  Slag,  1- to  A-:nch 

4ao 

700 
630 

Cokr,  1- to  IHT^h 

Coke,  i-  to  A-.nch 

Qni^,  i- to'lHoch 

2m 

170 
440 

Slag.  1-  to  U-i  nch 

340 

fftfi«  1- 15?  lH*v^ 

=  Coke,  1- to  IHnch 

360 

BrJekri-toli-ioch 

Gravel,  |-  to  1  J-inch 

460 

'■•  Gravel  and  Iron.  |-  to  ij-inch 

650 

The  German  investigators  accept  this  serious  clogging  with  equa- 
nimity and  suggest  the  removal  and  washing  of  the  material  when 
the  capacity  falls  to  20  to  25  per  cent.     This  would  be  required  two 
I  or  three  times  a  year  (Dunbar  and  Thumm,  1902).     The  Prussian 
I  commission  at  Berlin  came  to  similar  conclusions  (Bruch,   1899). 
I  Material  showed  in  these  experiments  a  considerably  greater  capacity 
I  after  washing  than  when  it  was  first  used.     It  seems  probable  that 
the  use  of  coarser  materials,  which  under  proper  conditions  do  not 
require  so  frequent  removal,  is  a  more  economical  process.     Some  of 
the  English  filters,  for  example,  have  been  operated  for  six  years  with 
fair  success  (Martin,  1905). 

Next  to  the  nature  and  size  of  filling  material  the  depth  of  the 
contact  bed  is  the  most  important  point  of  general  theoretical  inter- 
est in  its  construction.     Exhaustive  experiments  were  carried  out  on 
this  point  by  Clowes  and  Houston  (1904)  at  London,  from  which  it 
appeared  that  beds  3  feet,  5  feet,  and  13  feet  in  depth  gave  equally 
g(H>d  efliuents.    Studies  at  Exeter,  in  which  samples  were  taken  from 
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taps  placed  at  diflferent  depths  in  a  contact  filter,  showed  the  1 
results  at  3  feet  below  the  surface,  and  at  Manchester  a  15-inAl 
bed  gave  specially  good  results.  At  Leeds,  on  the  other  hand, 
6-foot  beds  proved  better  than  those  of  half  that  depth  (R.S.C., 
1902  a).  Thumm  (1902)  considers  4  J  to  6  feet  a  maximum  depth  for 
one-third  to  1  inch  material  and  IJ  to  3  feet  a  maximum  formate' 
rial  under  one-eighth  inch. 

With  regard  to  the  operation  of  contact  beds,  the  number  of  fiflingi 
is  the  first  point  to  be  considered.  At  Hamburg  it  was  found  that  fa 
single  contact  two  fillings  a  day  gave  the  best  results,  while  for  douU 
contact  six  fillings  of  the  primary  beds  and  three  fillings  of  the  second 
ary  beds  were  recommended  (Dunbar  and  Thumm,  1902).  In  th 
Barking  experiments  (Clowes  and  Houston,  1904)  it  was  shown  tha 
two  fillings  a  day  gave  better  results  than  one;  apparently  a  sin^ 
filling  does  not  maintain  the  bacteria  at  their  maximum  effectivenea 
Birmingham  experiments  have  indicated  three  fillings  a  day  as  eff« 
tive,  to  be  cut  down  to  two  if  specially  high  purification  is  desire 
(Watson,  1903).  At  Crossness  it  was  found  that  London  sewa§ 
could  be  purified  with  as  many  as  four  fillings.  At  Manchester  ( 1901 
also  four  fillings  were  recommended. 

The  distribution  of  fillings  at  regular  intervals  over  the  twent] 
four  hours  does  not  appear  to  be  a  necessity.  At  Manchester  contiu 
beds  were  operated  for  two  months  with  four  even  six-hour  cycles  an 
then  for  three  months  with  four  cycles  in  ten  hours,  followed  by  foui 
teen  hours'  rest.  The  results,  as  shown  in  Table  XXXIII,  were  bei 
ter  by  the  second  method. 

Table  XXXUl.-^Results  of  operation  of  contact  beds  at  Manchester,  England  (R.  8.  C 

1902  h). 


Mode  of  operation. 


4  cycles  in  24  hours. 
4  cycles  in  10  hours. 


Analyses  of  efnuent  (parts  per  mlUion). 
Nitrogen  as— 


Oxygen 

consumed  : 

in  4  hours  I       Free      I  Albuminoid 

at  80**  F.  '  ammonia,      ammonia. 


29 
22.3 


lfi.8 


1.5 
l.i 


Nitntw 


The  duration  of  the  full  period  may  also  vary.  Dibdin  adopted  tw< 
hours,  and  this  is  j)erhaps  the  general  English  practice.  In  Germanj 
too,  Schumburg  and  others  advocate  this  period  (Bruch,  1899) 
Harding  at  Leeds  found  that  one  hour  gave  inferior  results,  w^hile  fou 
hours  was  no  better  than  two  (R.  S.  C,  1902  a).  Roscoe  and  Cam 
eron,  on  the  other  hand,  advocate  shortening  the  period  to  one  hou 
(R.  S.  C,  1902  a).  Frankland  found  that  a  value  for  oxygen  con 
sumed  of  555  parts  per  million  for  raw  sewage  was  reduced  to  93  i 
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''^e  minutes.     It  was  still  93  after  thirty  minutes  and  49  after  twelve 
•UIB  (Barwise,  1904). 

The  rate  of  filtration  on  contact  beds,  which  is  usually  expressed 
t  relation  to  the  superficial  area,  is  of  course  a  function  of  the  depth 
Qd  ihe  number  of  fillings.  It  would  be  more  reasonable  to  measure 
IBtact  rates  in  such  units  as  acre-yards,  which  take  account  of 
q)th.  For  uniformity  with  sand  and  trickling  filters,  however,  the 
■it  of  superficial  area  is  used  in  this  paper.  With  a  bed  3  feet  deep 
id  an  open  space  of  33  per  cent,  which  is  a  liberal  estimate  for  a 
stured  filter,  two  fillings  a  day  would  equal  a  rate  of  0.65  million 
Jloiis  per  acre  per  day  and  three  fillings  a  rate  of  about  1.  In  prac- 
»,  necessary  rests  and  loss  of  capacity  being  taken  into  account, 
pee  fillings  of  a  3-foot  bed  will  not  amount  to  a  rate  of  more  than  0.8. 
k  Barking,  in  1898,  Clowes  and  Houston  ( 1904)  obtained  with  one 
ling  rates  of  0.6  for  coke  and  0.5  for  ragstone,  and  in  1899  with  two 
lings  the  rates  were  increased  only  to  0.7.  Watson  (1903)  con- 
iers  0.4  to  0.6  the  best  rate  attainable,  even  when  the  sewage  has 
ten  previously  subjected  to  septic  treatment.  Table  XXXIV, 
nipQed  from  Watson's  Birmingham  lecture  and  from  the  testimony 
5f6re  the  royal  sewage  commission,  indicates  the  rates  whicSh  have 
)en  recently  obtained  in  actual  operation  or  in  experiment  on  a 
Mtical  scale. 


Table  XXXIV .— Contact-filler  raits  (WaUan,  1903;  Martin,  1906). 


SiDC^  contact.                              \-                              Double  contact. 

Place 

Depth 
(feet). 

Rate  (miUionll 
gallons  per  '■                  Place, 
acre  per  day). , 

Dpnth     ^*^«*  (million 

mdiestef 

3.3 

4.5 

3.7 

5 

3.5 

U 

0.6 

'  Burnley 

3                      "0.3 

-.6 
.8 

1 

1 

1.2 

1.4 

Leeds.     . 

5.5                           ft 

loydoD, 

Blackburn 

5.5 
3.3 
■  4 
3.3 

.8 

UVtT 

Sheffield 

.8 

ittOD...' 

Carlisle 

1.1 

ndoQ.. 

Sheffield 

.    1.2 

Beds 

. 

When  a  double-contact  systein  is  used  the  area  must  naturally  bo 
icreased,  generally  by  50  per  cent,  the  secondary  beds  being  oper- 
ted  at  double  rate.  The  discussion  of  analytical  results  (pp;  70-71) 
hoTOthat  single  contact  rarely  yields  a  stable  effluent,  while  double 
ontact  usually^does.  The  fact  that,  with  a  given  area,  better  results 
an  be  obtained  by  double  treatment  at  a  certain  rate  than  by  single 
reatment  at  half  that  rate  is  made  clear  by  some  Mtmchester  experi- 
nents,  the  results  of  which  are  given  in  Table  XXXV. 
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Table  2ULXV .^ReauUa  of  double  and  tingle  eon4aei  treatment  at  Mantketter 

(Mandietter,  190^  a). 

[ParU  per  million.] 


Septic  effluent 

First  contact 

Second  contact 

Septic  effluent 

Single  contact  (one-half  rate) 


Nitrogen  I 


Free      I  Albuminoid  !   ^*iSJf** 
ammonia,     ammonia.        nitrites. 


25.8 
14.  A 
4.1 
31 
13.3 


2.5  '. 

3.5  |. 


1.3 


I 


as 

&5  I 


4.3  I 


In  the  Hamburg  experiments  it  was  found  that  with  six  di 
ings  in  the  primary  bed  and  three  in  the  secondary  bed  as  good 
were  obtained  by  double  contact  as  with  two  fillings  in  singlen 


RAW  SeWAOe  primary  effluent      SCCONCVSRy  cfflucnt 

Fio.  7.— Comparison  of  sewages  and  effluents  from  oontaot  beds. 

beds.  This  is  shown  in  Table  XXVIII  (p.  61),  where  experi 
and  experiments  L  and  D  represent  comparable  conditions  {. 
and  Thumm,  1902).  It  may  be  noted  in  passing  that  in  Engla 
eral  practice  reverses  this  relation  between  primary  and  sec 
beds.    The  Manchester  commission  suggested  that  secondai 
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uld  be  operated  at  twice  the  rate  of  the  primary  beds  (Manches- 
,  1900  a). 

rhe  purification  effected  by  single  and  double  contact  filtration  is 
iy  represented  by  the  analyses,  collected  from  various  sources, 
en  for  comparison  in  Table  XXXVI.  The  removal  of  oxygen 
isumed  at  the  two  stages  in  the  process  is  plotted  in  fig.  7.  It  will 
noted  that  the  first  contact  removes  somewhat  more  than  half  of 
)  organic  constituents  of  the  sewage,  as  measured  by  oxygen  con- 
ned and  albuminoid  ammonia,  and  two-thirds  or  more  of  the  sus- 
ided  solids,  while  the  second  contact  effects  almost  as  great  a  puri- 
ition  on  the  first-contact  effluent.  Aylesbury  and  Blackburn 
iwed  the  worst  results  among  the  English  plants  as  far  as  ratio 
purification  is  concerned.  It  will  be  noticed  that  these  are  the 
lakest  sewages  and  in  all  sewage  treatment  the  last  fractions  of 
janic  matter  are  the  most  difficult  to  remove.  Except  at  Law- 
ice  the  nitrate  content  of  the  effluent  is  rather  low,  notably  at 
«d8  and  Leicester. 
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o  these  results  may  be  added  one  more  set  of  analyses  to  show 
it  contact  beds  have  actually  accomplished  in  practical  operation 
i  large  scale.  At  Manchester,  in  1903,  28  half -acre  primary  beds 
been  installed.  They  were  40  inches  deep  and  filled  with  one- 
ith  to  1  inch  clinker  and  were  dosed  with  septic  effluent.  The 
ilts  of  the  first  year  of  o])eration  are  shown  in  Table  XXXVII. 

.E  XXXVII. — Efficiency  of  primary-contact  beds  at  MancKestery  Enfiand  {Bredtschneider 

andThumm,  1904). 


Date. 


19Q2. 
uy  to  March... 

Ito  June 

to  September. . . 
berto  December 


Rate 
(million 
gallons 
per  acre 


day) 


y). 


0.46 
.54 
.56 
.56 


Oxygen  consumed 
in  4  fiours  at  80"  F. 


Septic      Contact 
effluent,    effluent. 


Analyses  (parts  per  million). 
Nitrogen  as-- 


85 
80 
89 


Free  ammonia. 

Septic    !  Contact 
effluent,  j  effluent. 


Albuminoid  am- 
monia. 


Septic    j  ("ontact 
effluent.  ■  effluent. 


4      I 
3.2 

4      I 


2.1 

1.7 
1.6 


?he  effluent  of  the  first  contact  process,  .as  is  obvious  from  the 
Jyses  in  Table  XXXVI,  almost  always  retains  too  much  organic 
tter  to  be  considered  satisfactorily  purified.  Two  successive 
itments,  on  the  other  hand,  may  produce  an  effluent  which  is 
iputrescible  and  of  good  enough  quality  to  be  discharged  into  a 
am.-  If  still  better  results  are  desired  a  third  contact  may  be 
ie.  Table  XXXVIII  shows  what  may  be  expected  from  such  a 
hod.  The  improvement  in  successive  treatments  progressively 
Bns,  so  that  the  results  obtained  are  scarcely  commensurate  with 
cost.  The  head  required  for  successive  contacts  also  introduces 
irious  factor. 

Table  XXXVlll.— Remits  of  tripU-contart  treatment. 
[Parts  per  million.] 
I  Solids.  I 


EastryiR.S.C,  1901b).. 


ge- 


Leeds  {Leeds,  1900). 


Total. 


1,550 
1,460 
1,340 
1,360 


1,760 
1,250 
1,060 
1,030 


Sus- 
pended. 


1,070 

107      I 
85.5 
21.4  I 


6.32 
274 
113 
110 


Free 
ammonia. 


Nitrogen  as- 
Albumi- 
noid am- 
monia. 


25.5 
22 
12.4 
4.8 


27.6  , 
18.6  I 
13.5 

9.7  I 


12.8  I 
3      I 
2.4 
1.2 


12.4 
7.1 
5.1 
3.5 


Nitrates. 


4.6 
M) 
2.1 
7.4 


Oxygen 

consumed 

in  4  hours 

ut  W  V. 


123 
.W.  5 
2.').  4 
17.2 


127 
62.4 
39.6 
27.5 


t  has  been  showTi  that  the  contact  bed  was  developed  from  the 
3rmittent  sand  filter  with  no  idea  of  changing  any  other  condition 
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than  the  rate  of  operation.  It  was  assumed  that  the  chemical  changes ' 
were  the  same  in  each  case.  Many  English  discussions  of  the  process 
are  based  on  this  assumption,  and  Clark  states  that  at  liawrence  the 
process  of  nitrification  is  considered  an  essential  for  good  purification 
(Clark,  1903). 

Dunbar  and  Thumm  (1902),  in  a  beautiful  series  of  experiments 
at  Hamburg,  have  shown,  however,  that  the  reactions  in  the  contact 
filter,  as  a  result  of  the  alternate  aerobic  and  anaerobic  conditions, 
follow  a  peculiar  and  characteristic  course.  First,  during  the  reduc- 
tion phase  the  solids  in  the  sewage  settle  on  the  surface  of  the  filBng 
material  and  the  soluble  constituents  are  to  a  large  extent  absorbed 
by  the  bacterial  jelly  with  which  the  material  is  clothed.  This  latter 
phenomenon  takes  place  in  virtue  of  the  general  tendency  exhibited 
by  colloidal  films  to  remove  substances  from  contiguous  solutions 
(Phelps  and  Farrell,  1905).  Dibdin  illustrates  the  removal  of  sus- 
pended matter  by  analogy  with  the  adhesion  of  floating  chips  to 
larger  bodies,  and  compares  the  adsorption  of  dissolved  material  to 
the  removal  of  lead  acetate  by  passage  through  a  carbon  filter  (Dib- 
din, 1904).  The  real  purification  of  the  adsorbed  material  has  been 
shown  by  Dunbar  (1905)  to  be  a  bacterial  process,  although  Bredt- 
Schneider  (1905)  attempts  to  maintain  its  purely  mechanical  char- 
acter. During  the  oxidation  phase  of  full  aeration  the  bacteria  set 
up  the  ordinary  oxidation  processes  of  the  intermittent  filter,  which 
may  be  indicated  by  the  following  generalized  formula: 

Reaction  1.  Nitrification: 

(a)  2R.N  :R'  +30,  =R.O.R  -h2R':  O  -hN,0,;)  • 
(b)NA  +  0,=NA) 

At  the  end  of  this  period  considerable  quantities  of  nitrates  are 
present  in  the  filling  material  of  the  contact  bed,  as  shown  by  Dunbar 
and  Thumm  (1902).  Experiments  by  Phelps  and  Farrell  (1905) 
indicate  that  the  amount  of  nitrates  increases  with  the  length  of  the 
period.  WTien  the  bed  is  refilled  for  the  next  cycle  the  same  action 
continues  for  a  time.  Soon,  however,  the  supply  of  dissolved  oxygen 
is  consumed,  active  nitrification  stops,  and  anaerobic  putrefactions 
begin,  causing  hydrolytic  splittings  of  the  following  type: 

Reaction  2.  Hydrolysis: 

(R.N:  R'  +2H,0  =R.OH  -f  HO.R'.NH^ 

At  this  stage  the  contact  filter  has  the  Uquefying  properties  of  the 
septic  tank.  There  is  a  bacterial  reduction  of  the  nitrates  to  nitrites, 
and  a  formation  of  partly  reduced  nitrogenous  bodies,  primary 
amines,  etc.  This  leads  to  a  decomposition  of  the  nitrites  present 
and  the  liberation  of  gaseous  nitrogen  according  to  the  followinj 
formula: 

Reactions,  Denitrification: 

2HO.R'.NH.+N,0^=2R\OR^^^'ZK^-^HJO 
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During  the  reducing  phase  the  nitrates  formed  in  the  empty  period 
are  partly  or  wholly  removed.  Much  of  the  organic  nitrogen  origin- 
ally present  is  lost  as  free  nitrogen.  Clark  (1903)  has  pointed  out 
that  this  loss  amounts  to  from  38  to  50  per  cent  and  Phelps  and  Far- 
rell  ( 1905)  found  a  loss  of  from  35  to  50  per  cent.  The  nitrates  found 
in  the  final  effluent  give  no  true  measure  of  the  purification  effected, 
since  under  ideal  conditions  the  nitrates  formed  from  half  the  nitro- 
gen would  be  exactly  used  up  in  decomposing  the  other  half.  Dun- 
bar and  Thunmi  ( 1902)  found  that  the  highest  purification  frequently 
accompanied  the  lowest  nitrate  content  in  the  effluent. 

The  process  in  the  contact  bed  is  evidently  an  extremely  complex 
one,  involving  an  alternation  of  anaerobic  and  aerobic  processes. 
To  those  who,  like  most  English  authorities,  believe  that  putrefaction 
IB  an  integral  part  of  all  sewage  purification,  such  a  method  must 
eommend  itself.  Clark  (1900)  describes  a  suggestive  experiment  in 
which  gravel  filters  were  run  at  a  rate  of  0.5  with  forced  upward  aera- 
tion. Comparing  these  filters  with  others  operated  on  the  contact 
plan,  he  finds  that  the  latter  operate  for  longer  periods  and  at  higher 
rates  without  clogging  and  produce  better  effluents.  Nevertheless, 
in  view  of  recent  English  work  on  open  filters  through  which  raw 
sewage  is  allowed  to  trickle  continuously,  and  in  the  light  of  some  of 
the  writers'  own  experiments,  it  can  not  be  conceded  that  the  uni- 
versal necessity  for  anaerobic  treatment  has  been  clearly  proved. 
Even  if  the  need  for  some  such  process  be  granted,  its  combination 
with  aerobic  action  in  the  same  filter  must  be  regarded  as  of  doubtful 
expediency.  As  Rideal  says,  "In  methods  involving  a  ' resting-full' 
and  'resting-empty  period'  there  is  alternate  inversion  of  bacterial 
action  between  aerobes  and  anaerobes,  with  a  disturbance  of  both." 
And  again,  "In  ordinary  bacteria  beds  these  reactions  are  somewhat 
fortuitously  reversed  and  confused,  according  to  the  periods  of  filling 
or  rest,  the  fault  being  caused  by  mixing  all  the  different  bacteria  in 
one  or  two  large  filters"  (R.  S.  C,  1902  a).  Chemically  the  decom- 
position of  organic  matter  into  free  nitrogen  which  takes  place  in  the 
contact  bed  seems  quite  ideal.  Bacteriologically  the  combination 
of  two  diverse  processes  must  be  regarded  as  theoretically  unsound. 

Whatever  may  be  thought  of  the  principle  of  the  process,  its  prac- 
tical applicability  under  certain  conditions  has  been  thoroughly 
demonstrated.  The  results  obtained  with  the  famous  l-acre  coke 
bed  at  Barking  and  with  the  double-contact  system  at  Sutton  have 
been  amply  confirmed.  The  Barking  bed  between  1894  and  1901, 
inclusive,  purified  1,500  million  gallons  of  sewage  at  an  average  rate 
of  0.5  for  the  whole  period.  The  elaborate  experiments  at  Manches- 
ter and  Leeds  showed  that  even  strong  industrial  wastes  could  be 
treated  on  this  principle.  At  Exeter,  Yeovil,  Barrhead,  Oldham, 
and  Burnley  contact  beds  are  being  regularly  opetaX^^dL  \^\>Dl  «aQ.Q.^Ba». 
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That  the  double-contact  process  may  yield  effluents  as  good  as  Urn 
obtamed  from  sewage  farms  in  actual  operation  is  indicated  iaTaUi 
XXXIX,  which  presents  data  obtained  by  two  river  conservauf 
boards  in  the  examination  of  a  number  of  plants.  No  distinctki 
has  been  made  as  to  methods  of  preliminary  treatment.  All  tb 
contact  beds  and  most  of  the  land  areas  receive  septic  or  chemial 
effluent.  The  Mersey  and  Irwell  standard  is  1.4  parts  per  million  ol 
albuminoid  ammonia  and  14  parts  of  oxygen  consumed.  TheRibbb 
standard  is  1  part  of  albuminoid  ammonia  and  20  parts  of  oxyipt 
consumed. 

Table  XXXIX. — Comparison  ofwrUad  treatment  VTtth  irrigation  and  tandfitratm,  Memi 
and  IrwtU  and  RibhU  waUrahede  {R.  S.  C,  1902  h). 


District.  '  Disposal  on 


Mersey  and  Irwell . 
Rlbble 


/Contact  beds. 

tLand 

(Contact  beds. 
ILand 


German  investigations  have  similarly  shown  at  Hamburg  (Dunbtf 
and  Thumm,  1902),  at  Berlin  (Bruch,  1899),  at  Stuttgart  (Schuir, 
1905),  and  elsewhere  that  a  clear  nonputrescible  effluent  may  be 
obtained  by  the  contact  method. 

Whether  preliminary  septic  treatment  is  necessary  before  contict 
filtration  must  be  decided  by  local  conditions  in  the  individual  case. 
English  opinion  strongly  inclines  to  the  view  that  it  is  generaDr 
advisable.     The  consensus  of  evidence  given  before  the  royal  sewage 
commission  indicated  that  ''crude  sewage  causes  so  serious  alossol 
capacity  in  contact  beds  as  to  require  preliminary  sedimentation  ani 
generally  septic  treatment  as  well"  and  that  the  use  of  the  septic 
tank  ''greatly  assists  the  life  of  the  beds  by  preventing  their  becomin? 
choked  by  the  accumulation  of  mineral  and  indigestible  fibrous  mat- 
ters" (Dibdin,  1903).     The  Leeds  experiments  certainly  showed  thai 
the  crude  sewage  of  that  city  could  not  be  treated  successfully.   At 
London,  Birmingham,  and  Manchester  the  conclusion  has  been  reached 
that  septic  treatment  is  desirable.     It  must  be  remembered  that 
sludge  is  produced  in  the  septic  tank,  the  disposal  of  which  must  be 
balanced  against  the  renewal  of  contact  beds.     The  cleaning  of  con- 
tact beds  is  of  course  much  more  difficult  than  the  emptying  of  a 
septic  tank.     On  the  other  hand,  the  sludge  produced  in  the  beds  is 
probably  less  in  amount  and  of  a  less  offensive  character  than  that 
which  accumulates  in  the  tank.     Furthermore,  it  has  been  suggested 
that  septic  treatment  under  certain  conditions  may  interfere  with  the 
"""IIIW  of  the  later  b\o\o^ea\  ^xo<^^.    kv>  HAs>Evbur^  it  was  found  that 
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while  contact  beds  coiild  handle  six  doses  a  day  of  raw  sewage  only- 
two  doses  of  septic  effluent  could  be  applied,  a  third  dose  producing  a 
dark  and  malodorous  effluent  (Dunbar  and  Thumm,  1902).  Chem- 
ieal  treatment  also  interfered  with  the  process,  as  shown  in  Table  XL. 

Table  XL. — Results  of  contact  treatment  of  crude  sewage  and  chemical  effluent  {Dunbar  and 

Thumm,  190£). 


Precipitant. 

Oxygen  consumed 

in  10  minutes' 

boiling  (parts  per 

million). 

"i^ 

Contact 
effluent. 

None 

102 
60 
60 
72 

27 

1J-H> 

51 

i^m^and  iron 

53 

Inn _!. :..........:...:......;: 

10 

PURIFICATION    OF    SEWAGES    BY    A    CONTINUOUS    TRICKLING    PROCESS 
OVER   COARSE   MATERIAL. 

At  about  the  same  time  that  the  system  of  contact  treatment  was 
worked  out  the  foundations  were  laid  for  the  development  of  another 
method  of  purification  by  rapid  filtration  through  coarse  material 
under  wholly  aerobic  conditions.  In  modem  filters  of  this  type  the 
supply  of  oxygen  is  maintained  and  the  flow  slackened  sufficiently  to 
permit  purification  by  applying  the  sewage  in  a  fine,  continuous  spray, 
and  the  beds  are  termed  sprinkling  or  trickling  filters.  The  early 
Lawrence  experiments  on  the  filtration  of  sewage  '*  through  clean 
gravelstones  larger  than  robins'  eggs''  (Mills,  1890)  furnished  the  first 
suggestion  of  such  a  process.  In  1892  Hazen  started  a  filter  of  one- 
fifth-inch  material  which  received  four  doses  of  sewage  a  day  and  was 
artificially  aerated.  The  rate  was  increased  from  0.14  at  the  start  to 
0.48.  The  surface  clogged  badly,  but  the  effluent  was  good,  showing 
30  parts  per  miUion  of  nitrates.  In  1892  Lowcock,  at  Malvern,  Eng- 
land, constructed  a  gravel  filter  with  a  sand  layer  on  its  surface  and 
filtered  chemical  effluent  at  a  rate  of  nearly  0.3  million  gallons  per 
acre  per  day,  forcing  air  under  preasure  into  the  middle  layer  of  the  bod . 
A  good  efQuent  was  obtained  and  the  filter  was  operated  for  fifty-one 
days  without  rest  (Lowcock,  1894).  Similar  filters  were  later  con- 
structed at  Wolverhampton  and  at  Tipton  (Rideal,  1901).  At  both 
places  ordinary  trickling  filters  have  since  been  installed  (R.  S.  C, 
1902  a).  In  the  United  States  Waring  was  attempting  at  the  same 
time  to  use  the  principle  of  forced  aeration.  He  obtained  a  patent  on 
Ms  process  as  early  as  1801  and  carried  out  a  series  of  experiments  at 
Newport  in  1894  on  *^  the  mechanical  straining  out  of  all  solid  matters 
carried  in  suspension  in  sewage  and  their  subsequent  destruction  by 
forced  aeration  and  the  purification  of  the  clarified  aewaga  by  b«.ctAt\a.l 
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oxidation  of  its  dissolved  organic  matter  in  an  artificially  aerated 
filter."  Straining  through  broken  stone  removed  40  per  cent  of  the 
nitrogenous  matter  in  the  sewage,  and  it  was  concluded  that  ^^iitht 
thick  sludge  is  removed  and  the  upper  6  inches  of  the  filtering  bed 
opened  up  by  raking  or  plowing  after  the  filter  is  drained  an  aeration 
period  not  exceeding  five  days  is  sufficient  to  quite  restore  the  strainer 
to  its  original  efficiency."  Waring  says  further  that  "the  sewage, 
instead  of  passing  through  the  filter  in  a  solid  column,  as  in  the  former 
case,  trickles  down  in  a  thin  film  over  the  surfaces  of  the  particles  of 
coke  or  other  filtering  material,  while  through  the  voids  between  the 
particles  and  in  immediate  contact  with  the  trickhng  films  of  liquid  a 
current  of  air  is  constantly  rising,  being  introduced  at  the  bottom  of 
the  tank  by  a  blower."  It  is  stated  in  the  report  of  these  experiments 
that  the  aerators  removed  "  over  95  per  cent  of  the  organic  nitrogen  of 
a  strainer  effluent  applied  at  a  rate  of  at  least  800,000  gallons  per  acre 
per  day"  (Waring,  1895). 

Waring's  principle  of  oxidation  was  imdoubtedly  correct;  but  the 
method  of  forced  aeration  is  of  more  doubtful  expediency.  For  the 
complete  oxidation  of  various  organic  compounds  Dibdin  (1903)  cal- 
culates that  an  amount  of  oxygen  equal  to  from  two  to  four  times  the 
weight  of  their  total  carbon  would  be  required.  This  means  with  an 
average  sewage  a  supply  of  5  to  10  liters  of  air  to  a  liter  of  sewage. 
The  difficulty  of  maintaining  such  a  supply  of  air  by  forced  aeration  is 
manifest,  and  the  plants  actually  installed  on  the  Waring  plan  have 
not  generally  operated  with  marked  success.  The  best  example  of  the 
process  is  that  at  East  Cleveland.  Here  the  beds  speedily  clogged 
when  treating  raw  sewage,  although  since  the  installation  of  a  septic 
tank  for  preliminary  treatment  they  have  worked  better.  The  engi- 
neer of  the  Ohio  State  board  of  health  says  of  this  plant:  "When  visited 
in  winter  the  surfaces  of  the  aerators  were  frozen  and  they  were  out  of 
service,  the  sewage  being  passed  through  septic  tanks  and  primary  and 
secondary  filters  only.  It  is  said  to  be  practically  impossible  to  clean 
the  surface  of  the  aerators  during  cold  weather,  but  on  account  of  the 
rapid  rate  of  filtration  these  filters  rapidly  accumulate  solid  matter  on 
their  surfaces  and  need  frequent  cleaning''  (Pratt,  1905). 

A  practically  successful  solution  of  the  problem  of  aeration  has 
been  reached  along  another  line,  and  depends  on  the  supply  of  sew- 
age, continuously  or  at  very  frequent  intervals,  in  small  amounts 
distributed  evenly  over  the  whole  area  of  a  filter.  Under  such  con- 
ditions the  sewage  trickles  in  thin  films  over  the  surface  of  the  fill- 
ing material,  while  the  spaces  between  are  continually  filled  with 
air,  the  oxygen  content  of  which  in  practice  does  not  become  seri- 
ously exhausted  (R.  S.  C,  1902  a).  The  air  supply  imder  the  best 
conditions  may  amoimt  to  five  times  the  volume  of  sewage.  The 
matenal  over  which  films  oi  selvage  f^oIi\^xl^lo^^^  ixvcikk  supports  as^ 
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growth  of  micro-organisms.  The  condition  is  analogous  to  the 
ition  of  acetic-acid  bacteria  in  the  process  of  vinegar.m&nufac- 
y  the  flow  of  alcoholic  liquor  over  shavings.  The  complica- 
introduced  by  "a  series  of  compensating  errors  of  surfeiting 
arvation"  are  exchanged  for  a  simple  and  constant  condition, 
the  name  of  the  trickling  filter,  the  percolating  filter,  the 
mittent  continuous"  filter,  the  sprinkling  filter,  etc.,  this  proc- 
s  come  nearer  than  any  other  to  realizing  the  ideal  conditions 
)id  purification. 

first  description  of  a  method  for  sewage  treatment  based  on 
an  of  trickling  over  coarse  material  with  natural  aeration  was 
bed  by  Stoddart  in  1893.  In  the  next  year  the  same  inves- 
r  exhibited  a  model  at  the  Bristol  meeting  of  the  British  Med- 
ssociation  in  which  sewage  and  other  liquids  were  discharged 
>p8  over  a  filter  of  coarse  chalk.  A  solution  of  ammonium 
,te  containing  140  parts  per  million  of  nitrogen  was  almost 
tly  nitrified  at  a  rate  of  11.6  million  gallons  per  acre  per  day. 
e  was  completely  nitrified  at  a  rate  of  1.2  and  well  purified 
(Dibdin,  1903).  Nitrification  was  found  to  increase  with  the 
of  the  filter.  The  first  working  filter  actually  constructed  by 
lit  was  installed  at  Horfield  in  1899.  Its  efficiency  under  vari- 
nditions  of  flow  is  indicated  in  Table  XLI. 


a.1.- 


-ResuUs  qfpwrificaiion  by  Stoddart  trickling  JiUer  at  Horfiddy  England  {R.  8,  C, 
1902  a). 


Rate 

(millioD 

iditions. 

gallons 

per  acre 

per  day). 

Dally    strong 

3.4 

;herflow 

8.2 

thcr  flow 

10.5 

Material. 


Sewage 

Septic  effluent... 
Trickling  effluent 

Sewage 

Septic  effluent... 
Trickling  effluent 
.do 


Analyses  (parts  per  million). 


Nitrogen  t 


Free 
ammo- 
nia. 


426 

119 
74.2 
80.5 
31.8 
15.2 


Albu- 
minoid 
ammo- 
nia. 


113 
9.1 
3,1 
10.7 
3.8 
1.1 
.4 


Nitrates 

and 
nitrites. 


0 

0 
21.4 

0 

0 

25.7 
18.1 


Oxygen 
con- 
sumed 

in4 
hours 

at 
80°  F. 


330 
50 
21 
77 
17.4 
7 


Sus- 
pended 
solids. 


300 
45.  ( 
0 
0 


same  principle  was  independently  worked  out  by  Corbett, 
trough  engineer  of  Salford,  in  a  series  of  experiments  begun 
13  under  the  inspiration  of  the  work  of  the  Massachusetts 
board  of  health.  He  first  used  wooden  troughs  for  distribu- 
nd  later  fixed  sprinklers,  obtaining  excellent  results  in  the 

case.  Ducat,  another  pioneer  in  the  development  of  the 
ag  filter,  urged  the  importance  of  thorough  aeration,  building 
with  open  sides  to  attain  that  end,  and  maintained  that  the 
c  process  alone  was  entirely  competent  for  the  treatment  of 

sewage.     He  installed   a   small  filter   at   Heudow  \sv  \&^1, 
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Finally,  in  connection  with  the  development  of  this  process,  shouM 
be  mentioned  Scott-Moncrieff ,  who  carried  its  principles  to  a  logici 
extreme  in  a  series  of  experiments  at  Ashtead  in  1898.  He  believe 
that  jeveral  different  types  of  organisms  were  concerned  in  the  pur 
fying  process  and  that  their  separate  and  successive  cultivatic 
under  perfect  aerobic  conditions  would  give  the  most  favorab 
results.  He  therefore  constructed  a  series  of  nine  trays  of  l-int 
coke,  each  2  by  7  feet  by  7  inches  deep,  arranged  one  over  tl 
other,  with  a  space  of  2  inches  between  each  pair.  The  effluc 
from  a  "cultivation  tank''  was  discharged  on  the  upper  tray  by 
tipping  bucket  at  a  rate  of  1.3  million  gallons  per  acre  per  day  (0. 
on  the  whole  area  of  nine  trays),  and  its  passage  through  the  seri 
occupied  from  eight  to  ten  minutes.  The  degree  of  purificati< 
attained,  as  indicated  in  Table  XLII,  was  extraordinarily  high. 

Table  XLll.—ResyUs  of  trickling  JiUraJlion  through  Seot^Monerieff*9  tray9  (SeoO-Moneru 

1899), 

[Parts  per  million.] 


Effluents  of- 


Nitrogeni 


Free  am- 
monia. 


Albumi- 
noid am- 
monia. 


Nitrites. 


Nitrates. 


OxyjB 


in4hoa 
atar>i 


Cultivation  tank 

First  tray 

Second  tray 

Third  tray 

Fourth  tray 

Fifth  tray 

Sixth  tray 

Seventh  tray 

Eighth  tray 

Ninth  tray 


103 

86.5 

74.2 

41.2 

33 

12.4 

14.4 

2.9 

1.7 

2.1 


12.3 
10.3 
8.2 
4.9 
2.9 
1.2 
2.9 
2.5 
5.3 
4.9 


0 

9.9 
9 

7.8 
6.6 
4.8 
5.1 
0 
0 
Slight  tr. 


1.3 

1 

4.8 
18.7 
27.6 
46.8 
44.2 
66 
73.2 
90 


A  plant  of  this  type  has  been  installed  at  Caterham  Barrack 
where  it  handles  daily  16,000  gallons  of  very  strong  sewage  at 
rate  of  0.4.  Oxygen  consumed  is  reduced  from  92  to  27  parts  p 
million,  free  ammonia  from  149  to  50  parts,  and  organic  nitroge 
from  27  to  7  parts,  with  a  formation  of  90  parts  of  nitric  nitroge 
(Rideal,  1901).  The  German  commission  on  its  visit  to  England  i 
1902  reported  that  the  effluent  from  this  plant  was  stable,  althoug 
it  contained  68  parts  per  million  of  nitrogen  as  free  ammonia,  5. 
parts  of  organic  nitrogen,  and  51  parts  of  oxygen  consumed  (Bred' 
Schneider  and  Thumm,  1904). 

It  is  not  clear  that  there  is  any  such  complex  division  of  lab( 
between  various  classes  of  nitrifiers  as  Scott-Moncrieff  postulate 
Whether  any  important  advantage  is  to  be  gained  by  dividing 
trickling  filter  into  layers  with  air  spaces  between  has  never  bef 
definitely  determined.  At  Salford  Corbett  found  no  gain  from  divi< 
ing  his  filters  into  three  or  foiur  successive  heights  of  20  inches  ea^ 
(Rideal,  1901). 
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The  general  practice  is  to  construct  trickling  filters  in  single  beds, 
Aich  are  merely  heaps  of  the  selected  filtering  material.  It  is  not 
Kcessaiy  that  such  a  filter  should  be  tight  as  long  as  its  bottom  is 
mlt  with  sufficient  slope  to  cany  off  the  effluent.  It  is  desirable 
lat  it  should  be  imderdrained  in  some  way  in  order  to  avoid  clogging 
id  to  maintain  a  good  air  supply,  passing  upward,  chimney  fashion, 
trough  the  filter.  In  some  cases  tile  drains  are  so  arranged  as  to 
nn  practically  a  false  floor.     The  walls  of  the  Ducat  filter  are  built 

open  drain  pipe  inclined  upward  and  connected  with  aerating 
•ains  at  intervals  in  the  body  of  the  bed.  The  Whit  taker-Bryant 
ters  at  Accrington  and  elsewhere  are  octagonal  in  shape,  with  walls 
'  open  brick  and  central  open-brickwork  aerating  wells.  Both  these 
rpes  are  costly  (Kinnicutt,  1902).  Filters  may  be  constructed  more 
mply  by  merely  surrounding  the  filtering  material  with  a  fence  of 
pright  palings.  The  Stoddart  filter  is  a  heap  of  coke  or  cinders  of 
lis  sort  on  a  sloping  floor  without  any  walls.  The  two  quarter-acre 
ickling  beds  now  in  operation  at  Birmingham  are  essentially  of  this 
rpe  (Watson,  1903).  The  oldest  of  these  beds  was  built  of  slag 
raded  upward  from  one-half  inch  to  three-fourths  inch,  heaped  up 
ithout  underdrains,  the  outside  being  held  together  by  iron  bands, 
[ore  recent  filters  are  of  one-half  to  3  inch  broken  brick  underdrained 
Y  a  false  floor  of  tiles. 

The  most  difficult  point  in  the  construction  and  operation  of  the 
ickling  filter  is  the  distribution  of  the  sewage  over  its  surface.  The 
leal  condition  for  aeration  would  be  the  discharge  of  sewage  in  a  fine 
id  even  spray  over  the  whole  surface  of  the  filter.  On  the  other 
md,  there  is  some  evidence  that  a  too  regular  distribution  favors 
lien  growths,  which  clog  the  surface  of  the  filter.  Scott-MoncriefF 
ad  Ducat  originally  used  tipping  buckets  and  troughs  placed  at 
itervals  over  the  filter,  relying  on  the  dash  to  distribute  over  inter- 
lediate  areas.  This  plan  has  been  tried  at  Hendon  and  Leeds.  At 
le  other  extreme  in  principle  is  the  Stoddart  distributer  as  used  at 
[orfield.  It  is  practically  a  series  of  channels,  over  the  sides  of 
hich  the  sewage  overflows  continuously,  dripping  from  a  series  of 
omts  on  the  under  side,  360  points  being  allowed  to  a  square  yard, 
heoretically  this  should  secure  a  very  even  distribution;  but  such 
liannels  are  liable  to  buckle  and  it  is  difficult  to  keep  them  level, 
urthermore,  they  are  liable  to  clogging  from  fungous  growth  (Bar- 
ise,  1904).  A  more  practical  method  than  either  the  tij)ping  bucket 
f  the  Stoddart  drip  distributor  is  tlie  method  of  distribution  imder 
ressure  through  perforated  pipes.  This  was  developed  at  Salford 
fter  various  other  attempts  with  troughs  and  with  a  thin  layer  of 
wid  laid  over  the  surface  of  the  main  filter.  Disk-like  caps  were 
)laced  over  the  openings  of  the  pipes  in  some  early  experiments  in 
>rder  to  secure  a  good  spray  for  distribution.     Then  the  attempt  was 
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made  to  get  a  spray  by  the  impact  of  two  converging  flows,  and  finallj 
a  special  form  of  opening  was  designed  to  give  a  rotating  movement 
to  the  stream.  This  system  is  in  use  on  the  new  filters  at  Birmingluuii 
and  works  well  when  good  pressure  is  available  (Baker,  1904).  Bar- 
wise  (R.  S.  C,  1902  a)  describes  the  use  in  Derbyshire  of  fixed  perfo- 
rated pipes  with  metal  disks  placed  over  the  outlets  for  spraying; 
dosed  intermittently  by  automatic  flush  tanks.  The  same  principb 
is  used  at  Chesterfield.  At  Accrington  intermittently  operated  fixed 
sprinkler  pipes  gave  poor  results  in  some  preliminary  experimenta 
(Bredtschneider  and  Thumm,  1904). 

Many  plants  in  England  are  equipped  with  still  more  complex 
revolving  sprinklers  operated  either  by  the  pressure  of  their  own  jeto 
or  by  mechanical  power.  The  Candy-Whittaker  sprinklers  al 
Accrington  are  of  the  former  type.  With  this  filter,  as  well  as  with 
that  of  Ducat  at  Leeds,  it  was  thought  that  it  would  be  of  advantage 
to  warm  the  sewage  before  applying  it,  and  the  temperature  waa 
raised  about  4°  by  the  steam  of  the  pulsometer  used  for  pumjHng. 
The  heating  seems  of  little  advantage,  and  at  Leeds  was  found  actu- 
ally harmful,  since  it  promoted  surface  growths  which  tended  to  clog 
the  filter.  All  revolving  sprinklers  require  much  attention  to  keep 
them  in  operation  and  are  subject  to  grave  derangement  from  weather 
conditions.  Daily  cleaning  with  brushes  is  necessary  with  many 
plants  to  prevent  serious  clogging  of  the  openings.  Even  more  elabo- 
rate than  the  ordinary  revolving  sprinklers  is  the  Scott-Moncrieff 
distributor  installed  at  Birmingham,  in  which  a  radial  trough  revolves 
about  an  axis  at  the  center  of  the  bed,  its  outer  end  resting  on  a 
moving  wheel,  sewage  running  in  a  thin  film  over  a  weir  which  extends 
for  the  length  of  the  trough. 

With  regard  to  depth  and  material  in  trickling  filters  there  may  be 
considerable  latitude.  In  a  series  of  experiments  at  Salford,  analyses 
from  which  are  quoted  in  Table  XLIII,  no  better  results  were  obtained 
with  an  8-foot  filter  than  with  one  only  5  feet  deep. 


Table  XLIII. — Efficiency  of  tAcJding  filters  of  different  devths  at  Salford ^  England  (Brtd^ 
Schneider  and  Thumm ^  1904). 


[Parts  per  million.! 


Raw  sewage 

Chemical  effluent 

Rouphlng  filter 

Trickling  filter  effluent  (5-foot) 
Triclcling  filter  effluent  (8-foot) 


Suspended 
solids. 


280 
40 
20 
0 
0 


Oxygen 
consumed 
in  4  hours 

at  80»  F. 


58 

42 

40 
6.5 
5.5 


Nitrogen  m— 


Freeam-     noidam- 
™o°i»-     1    moni*. 


19.8 
16.5  ! 
16.5  I 
5.3 
4.9  1 


5.1 


Bell  testified  in  1902,  apparently  with  regard  to  the  same  filte^ 
that  the  oxygen-consumed  value  for  the  8-foot  filter  was  12,  agair^- 
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for  the  5-foot  bed.  He  considered  this  difference  too  little  to  pay 
the  increased  depth  (R.  S.  C,  1902  a).  Whittaker,  on  the  other 
id,  reports  much  better  results  with  beds  9  feet  deep  than  with  a 
>th  of  4  feet  8  inches  (R.  S.  C,  1902  a).  Probably  4  feet  is  the 
est  minimum,  and  greater  depths  are  desirable  because  of  the  dan. 
'  in  shallow  filters  that  streams  of  unpurified  sewage  may  pass 
"ough  channels,  due  to  irregular  packing  of  the  material.  Ducat 
ommended  a  depth  of  5  feet  when  the  eflBluent  was  to  be  dis- 
irged  into  brackish  water,  8  feet  for  discharge  into  rivers,  and  10 
t  for  small  streams.  The  period  of  flow  through  trickling  beds 
ries,  at  Leeds,  from  two  or  three  minutes  with  very  coarse  beds  up 
thirty  minutes  with  fine  material. 

[t  is  probable  that  there  is  a  maximum  amoimt  of  organic  matter 
»ent  in  sewage  which  can  be  easily  nitrified  by  the  trickling  process, 
d  that  additional  action  does  not  produce  results  commensurate 
bh  the  cost  of  deep  single  filters  or  of  double  and  triple  beds.  Thus 
Leeds  it  was  found  that  the  rate  of  improvement  in  the  effluent  of 
:ee  successive  beds  rapidly  decreased,  as  shown  in  Table  XLIV. 

Tablx  XLrV.—Effieienq/  of  trickling  fiUera  at  Leeds,  En^nd  {Dibdin,  1903). 
[Parts  per  mUllon.] 


»ge 

neat  No.  1. 
neat  No.  2. 
omt  No.  8. 


Total 
solids. 


1,760 
1,250 

i,oeo 

1.010 


Suspended 
solids. 


Nitrogen  as— 


631 
276  ■ 
113 
110 


Free  am- 
monia. 


27.6 
18.5 
13.3 
9.7 


Albuminoid 
ammonia. 


12.2 
7 
5 
3.5 


Oxygen 
consumed 
in  4  hours 
at80*»F. 


127 
62.5 
39.6 
27. « 


With  regard  to  the  best  material  for  the  construction  of  trickling 
bers,  data  have  been  collected  in  a  number  of  the  English  experi- 
Bnts.  -  At  Salford  slag  was  foimd  somewhat  better  than  polarite, 
*vel,  coke,  or  clay  (Bredtschneider  and  Thumm,  1904).  At  York 
well-controlled  series  of  investigations  indicated,  as  shown  in  Table 
1*V,  that  coke  and  boiler  slag  (clinker)  are  slightly  better  than  brick 
ttd  blast-furnace  slag. 

'able  XLV. — Efficiency  of  trickling  JUters  of  difl'ereni  material  at  York,  England  {Bredtr 
Schneider  and  Thumm,  1904). 


[Parts  per  million.] 

..'ilrDL: 

•u  as— 

Oxygen 
oonsumed 

Albuminoid 
ammonia. 

\X9 

1.4 

1.2 

.9 

1 

Nitrates. 

0 

18.4 
18.8 
23 
22 

in  4  hours 
at  80*  F. 

S»»«ewage 

82.9 

gjk».brfck  effluent 

10 

»**t-faniM^  fflnir  fiffluent- 

9.6 

Sfe«»nt..T^__... 

7.1 

*"W^I«g  (clinker)  f«ffllWlt 

6.9 

I 

am  185—06 6 
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Coal  has  been  found  especially  favorable  to  the  process.  At '. 
ton  the  effluents  from  destructor  breeze  and  coke  showed,  re 
tively,  0.8  and  0.9  parts  per  million  of  albuminoid  ammonia  an 
and  0.7  parts  of  nitrates,  while  a  coal  filter  yielded  only  0.4  pa 
albuminoid  ammonia  and  3.4  parts  of  nitrates  (Barwise,  1 
Striking  differences  obtained  at  Tipton  are  shown  in  Table  XL\ 

Table  XLVI. — Efficiency  of  tricHing  fUers  of  various  types  at  Tipton,  EngLand  {B 

190A). 


[Parts  per  million.] 

SoUds.                                 Nitrogen  aa— 

0 

COI 

in^ 
at 

In  solu- 
tion. 

In  sus- 
pension. 

Free  am- 
monia. 

Albuminoid 
ammonia. 

Nitrates. 

Tank  efQuent 

827 
840 
807 
914 

16 
9 

14 
3 

10.3 
7.4 
2.2 
1.6 

1.9 

1.3 

.4 

.3 

0 

3.8 
7.4 
8.1 

Coke-breeze  effluent 

Lowcock's  filter  effluent 

Garfield's  coal-filter  effluent 

On  the  whole,  it  seems  probable  that  any  hard,  smooth  ma 
will  serve  well  for  the  trickling  filter.  Coal  is  perhaps  most  pr 
ing,  but  granite,  flints,  gravel,  and  hard  clinker  are  all  suitable. 

The  size  of  material  used  may  also  be  varied  considerably  ^ 
certain  limits.  The  elaborate  experiments  carried  out  by  Re 
Hanley,  cited  in  Table  XLVII,  indicated  that  fragments  from  t 
sixteenths  inch  up  to  1 J  inches  yielded  almost  identical  results  ( 
ley,  1904).  Barwise  (1904)  suggests  one-eighth  to  one-half 
material.  Among  the  witnesses  before  the  royal  sewage  comm: 
Garfield  recommended  one-sixteenth  to  three-sixteenths  inch,  I 
one-eighth  to  one-half  inch,  Corbet t  three-sixteenths  to  three-fo 
inch,  Candy  three-sixteenths  to  one-half  inch  for  fine  and  t 
fourths  inch  to  3  inches  for  coarse  beds,  Harding  one-fourth  in 
1 J  inches  for  fine  and  over  3  inches  for  coarse  beds,  Whittaker  1 
to  IJ  inches,  and  Stoddart  2  to  3  inches. 

Table  XLVII. — Efficiency  of  tridding  filters  with  material  of  various  sices  at  Hanle\ 
land  {Hanley,  1904;  WUcox  and  Reid,  1904). 


— 

SiMof 
material. 
(Inchea). 

Analyses  (parts  per  million). 

Solids. 

Nitrogen  aa- 

0 

Dis- 
solved. 

Sus- 
pended. 

Freeam- 
monia. 

Organic. 

Nitrates. 

cox 
in 
at 

Sewage 

1.250 
1,050 

1,120 
1,120 

1,120 
1,  l.W 
1.130 
1,130 

629 
44 

4 

3 

2 
14 

7 
17 

17.3 
•      15 

.7 
.8 

.8 
.3 
.3 

1 

6.3 
2.2 

.2 
.3 

.2 
.2 
.2 
4 

0 
0  ' 

Septic  tanlc 

RectanKulurbed: 

Section  1 

to 
ll  toi 

17  5 

Section  2 

17.3 

16.6 
15.3 
16.2 
16.2 

Preularbed: 

Section  1...., 

Section  2 

Section  3... 

Section  4 

The  rate  at  which  trickling  filters  may  be  operated  seems  gen 
jto  lie  between  1  and  3  miWipii  gaWoiv^  ^t  ^»«rc^  ^\  ^^3 ,    ^V^msa 
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iloncrieff  recommend  a  rate  of  1.2;  Barwise  suggests  1.5;  Wat- 
?^es  the  figures  quoted  in  Table  XL VIII  for  current  English 
Still  higher  figures  may  be  attained  at  times.     At  Salford 


e. 


e,  at  first  3,  was  raised  to  6  without  injuring  the  quality  of  the 
t  (Bredtschneider  and  Thumm,  1904). 

Table  XLVUI.— Depth  and  rates  of  trickling  filters  {Watson,  1903). 


Place. 

Depth 
(feet). 

Rate(mil- 
lion  gal- 
lons per 
acre  per 
dayV 

9 

8.5 

5 

9 

6.5 

9 

1.2 

D       .  .               

2.3 

Mn -..,.-,- . 

1.2 

2.6 

2.6 

2.3 

analytical  results  produced  by  a  number  of  English  trickling 
are  brought  together  in  Table  XLIX.  It  will  be  noticed  that 
Kjess  here  is  a  true  nitrification,  producing  considerable  amounts 
ate  in  the  effluent.  The  purification  is  good,  distinctly  higher 
Bral  than  that  obtained  by  the  double-contact  process.  The 
as  measured  by  oxygen  consumed  are  plotted  in  fig.  8.  The 
ig  effluents  are  in  general  better  than  those  yielded  by  contact 
r  sewage  farms,  if  not  quite  equal  to  those  produced  in  inter- 
t  ffltration. 

Table  XLIX. — Efficiency  of  trickling  filtration. 
[Parts  per  million.] 


lUterial. 

SoUds. 

Nitrogen  as- 

Oxygen 

Total. 

Sus- 
pended. 

Free 
am- 
monia. 

Albumi- 
noid am- 
monia. 

Ni- 
trates. 

Nitrites, 
and-ni- 
tratBs. 

con- 
sumed in 
4  hours 
atSOT. 

iSewage 

4.6 

1.5 

13.2 

.8 

16.5 

1.6 

5.1 

rfl.3 

6.4 

d.9 

12.8 

1.4 

12.6 

.5 

9.4 

1.3 

3.3 

.6 

5.9 

.6 

0 
23.3 

49.9 

Effluent 

18  1 

igByage---- 

71.6 

2.5 
39.5 

5.1 
21.2 

8.1 
21.7 

6.2 
33.9 
11.7 
32.8 

1.9 
23.5 

3.2 
47.1 
23.8 
31.8 

2.1 

147 

Effluent 

Sewage 





4.8 

7.8 

14 

Effluent 

i2 

13.7 

16.3 

jSewage 

1  Effluent 

/Sewage 

1  Effluent 

/Sewage 

1  Effluent 

/Sewage 

1  Effluent 

/Sewage 

1  Effluent ... 
Sewage 

1,120 
1,000 
1,110 
1,010 
l,&'i0 
1,020 
1,820 

966 
1,470 

979 

187 

80 

229 

110 

768 

0 

850 

Trace. 

486  1 

81 

57.6 

7.8 

«'9.8 

60.7 

9.6 

d%A 

114 

4.5 

dlO.l 

141 

12.1 

((3.4 

116 

6.2 
1.4 
16.4 
0 
113 

12.1 

mpton< 

43.3 

\Effluent.... 

3.6 

/Sewage 

lEffluent 

840 
719 

42 

6.6 

lal  aerobic  filter,  September  19  to  October  19, 1898,  receiving  septic  effluent  (Rideal,  1901). 
filter,  October  14,  1896,  receiving  crude  sewage;  single  analysis  (Rideal,  1901). 
aker  bed  No.  1,  March  9.  1899,  to  May  8,  1900,  receiving  septic  effluent  (Martin,  1905). 
Bis  made  of  the  rough  settling  of  suspended  solids. 

aker  bed  No.  2,  Septembi-r  2.  1899.  to  January  30.  1900,  receiving  septic  effluent  (Martin,  1905). 
filter,  March  29  to  April  30.  1000,  receiving  crude  sewage  (Martin,  1905). 
filter,  June  13  to  Julv  7, 1900.  receiving  cnide  sewage  (Martin.  1905). 
filter.  December  13,  1900,  to  Januarv  14,  1901,  receiving  crude  sewage  (Martin,  1905). 
Iter,  January  1896,  to  September,  1898,  receiving  chemical  effluent  <[B..  S.  C,  \9Q1%^. 

flfflUODt* 


RAW  5EWA0E       EFFLUENT 


Fio.  8.  --C^omparison  of  sewages  and  effluents  from  trickling  beds,  showing  oxygen  consumed,  in  pal 

per  million. 

Barwise  (1904)  gives  a  number  of  analyses  of  effluents  coverii 
shorter  periods,  which  are  summarized  in  Table  L. 

Table  L. — Ajialyses  of  tnckling-fiUer  effluents  {Barwisey  1904). 


Place. 


Chestorfield 

Burton 

Langw.th 

Chest«>rflpld  Borough. 

1/ong  Faton 

Buxton 

DronAeld 


Rate 

(million 

gallons 

per  acre 
^Per        Albuminoid 
day).    I    ammonia. 


Analyses  (parts  per  million). 


Nitrogen 


-I- 


Oxygi 

consun 

Nitrates,     'l^^^ 


.5 

1      j 
1       ' 

1 
\ 
\ 


0.6  1 

19.3 

•-*  1 

8.7 

•2 

4 

.5  1 

18 

.7  ' 

6 

.2 

2.5 

1 

U 
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The  effluent  of  the  trickling  filter  contains,  as  a  rule,  a  certain  amount 
of  flocculent  organic  matter  which  mars  its  ap]>earance,  but  this  mat- 
ter has  been  more  or  less  completely  oxidized  and  is  of  a  stable,  humus- 
like character.  The  effluents  look  worse  and  keep  better  than  woulc 
be  expected  from  their  analyses.  Clark  has  brought  out  this  differ- 
ence in  a  series  of  experiments  summarized  in  Table  LI.  In  each  cas< 
the  effluent  was  allowed  to  stand  in  a  stoppered  bottle  in  the  labora- 
tory, samples  being  withdrawn  at  intervals.  To  judge  by  free  am- 
monia and  oxygen  consumed,  both  contact  effluents  were,  at  the  start 
"letter  than  those  from  the  trickling  fflters.  It  was  evident,  however 
that— 

Tlie  large  amount  of  residual  organic  matter  in  the  effluents  of  filters  Nos.  135  and  13< 
lid  been,  owing  to  the  aerobic  conditions  prevailing  in  these  filters,  as  evidenced  by  tht 
1^  nitrates  in  the  effluents,  so  changed  by  the  bacteria  and  air  that  it  was  in  a  fairly  stabli 
condition.  Tlie  effluents  of  these  two  filters — Nos.  135  and  136 — contained  dissolvec 
ciygen;  at  the  end  of  the  period  of  experiment,  notwithstanding  the  large  amount  of  organic 
attter  pre0ent,  no  putrefaction  took  place,  odors  did  not  develop,  and  the  organic  matte] 
|ment  remained  practically  without  change.  The  effluents  of  filters  Nos.  137  and  163  con 
tiined  leas  organic  matter  than  the  effluents  of  filters  Nos.  135  and  136,  but  were,  neverthe 
Imb,  in  a  much  lower  state  of  nitrification;  dissolved  oxygen  either  was  not  present  or  dis 
appeared  quickly,  and  putrefaction  occurred.  Instead  of  the  amount  of  nitrogen  present 
mtnt  ammonia  remaining  constant,as  in  the  effluents  of  filters  Nos.  135  and  136,it  increased 
^amount  of  oxygen  consumed,  instead  of  decreasing,  increased  eventually  in  the  efflueni 
^filter  No.  137,  and  the  anaerobic  actions  in  the  bottles  containing  this  effluent  and  tht 
ioimation  of  gas  were  quite  noticeable,  odors  developing  also.    [Clark,  1902.] 

The  suspended  solids  may  be  easily  removed  from  the  trickling 
eOuent  by  a  short  sedimentation.     When  so  separated  they  are  some- 
times in  themselves  putrescible  (R.  S.  C,  1902  a),  but  usually  sho\^ 
oiiy  a  small  proportion  of  unstable  matter.     At  Leeds  (1900)  analy- 
K8  of  the  dried  sediment  from  a  trickling-filter  effluent  showed  the 
foOowing  composition:  Organic  matter,  31  per  cent;  mineral  mat- 
ter insoluble  in  acids,  19  per  cent;  other  mineral  matter,  19  per  cent, 
The  clear  Uquid  and  the  suspension  which  comes  fresh  from  th€ 
trickling  filter  are  stable  when  the  bed  is  operating  properly. 


Tablk  M. — Comparative  stabUUy  of  stored  effluents  from  contact  and  trickling  jUters  {Clark 

1902)^ 

TRICKLING  FILTER  NO.  135. 


Time  elapMd  (days). 


0-. 

14. 
21. 


Nitrogen  as 


Frw 

am- 
moniH . 


Albuminoid  am-    i 
I           monia.  ' 

' —         Nitrates.  Nitrit4»s. 

I    Total     I  Jn.»o^"-  ' 
^^^^-    I     tion. 


I    Oxygen 
-  consumed 
'   in  2  min- 
ut<*s'  boll- 


Tarts  per  million. 


20.1 
18.2 
19.4 
19.4 
20.1 


2. 3 
2.2  I 
1.9 
2.1 
2 


44.2  I 
49.  1  I 
46.2 
39.4  \ 


Oxygen 
dissolved 


ing,  cor-  j  (percent 
r€Ct€<l  for  of  satura- 
nitrites.    '      tion). 


1.1 
1.3  i 
1. 


'24.4  ; 
19.5  I 
20.9  I 
21.5 


34.: 
15.; 


13.: 

1. 
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Table  LI. — Comparative  HabUity  of  siored  ^utntsfrom  conUui  and  tnddingfSkn  (Cfari, 

iROie)— Continued. 

TRICKLING  FILTER  NO.  136. 


Time  elapsed  (days). 


Nitrogen  as- 


Free 
am- 
monia. 


Albuminoid  am- 
monia. 


Total. 


In  solu- 
tion. 


Nitrates 


0x3^900 


in  2 1— «-  ) 
,  utes'  boil- 

nitiites.       tin). 


Parts  per  million. 


0. 
7. 
14 
21 
28 

0. 
7. 
14 
21 
28 

0. 
7. 
14 
21 
28 


13.2 
13.2 
13.2 
13.2 
13.5 


2.4 

1-1 

52.8 

0.1 

2.1 

.7 

50.8 

1.1 

1.9 

.6 

49.7 

.5 

1.8 

.6 

47.3 

.2 

1.9 

.8 

44 

0 

25.6 
19.4 
1&3 
17.1 
18.4 


1^ 

I    J 


CONTACT  FILTER  NO.  137. 


21.4 

2 

1.4 

6.2 

0.2 

17.4 

23.1 

1.8 

1.1 

.1 

0 

22.8 

23.9 

L6 

.8 

.1 

0 

218 

26.4 

1.4 

.8 

.1 

0 

23.2 

26.4 

1.3 

.9 

.1 

0 

23.2 

CONTACT  FILTER  NO.  163. 


14.8 

1.6 

1 

14.9 

0.1 

11.8 

14.8 

L3 

.6 

6.6 

0 

las 

15.1 

1.1 

.6 

5.3 

0 

10 

16.2 

1 

.6 

1.6 

0 

9.4 

17.4 

.9 

.4 

2.5 

.2 

8.6 

The  trickling  filter  comes  into  direct  competition  with  the  double 
contact  system  of  sewage  treatment,  and  it  is  necessary  in  every  indi- 
vidual case  to  determine  which  of  the  two  methods  is  most  suitable. 
A  comparison  of  the  general  features  of  the  methods  indicates  thit 
"on  the  whole  the  advantage  rests  with  percolating  filters"  (Barwise, 
1904).     It  has  been  pointed  out  (p.  73)  that  the  trickling  filter  is  sim- 
pler in  theory,  since  it  depends  on  the  uninterrupted  maintenance  of 
a  single  process  of  aerobic  oxidation.     The  construction  of  the  bodr 
of  the  bed  is  cheaper,  since  the  trickling  filter  need  not  be  made  ti^t 
and  can  be  built  entirely  without  walls.     In  operation  the  advantage 
probably  rests  with  the  contact  bed,  since  the  methods  of  distributioB 
on  the  trickling  filter,  as  so  far  developed,  are  expensive  when  working 
well  and  are  liable  to  get  out  of  order.     Since,  in  principle,  the  opera- 
tion of  the  trickling  filter  is  simplicity  itself,  it  seems  that  the  mechan- 
ical difficulties  involved  should  not  be  insuperable.     The  operation  of 
trickling  filters  under  severe  climatic  conditions  apparently  does  not 
present  serious  difficulties.     At  Leeds  winter  weather  produced  no 
derangement  of  beds  or  distributors.     In  America  the  problem  is 
somewhat  more  serious.     The  spray  filters  at  the  Columbus  experi- 
ment station  appeared  to  the  casual  observer  (Winslow,  1905)  to  be 
working  well  m  the  severe  winter  of  1904-5;  but  it  is  certain  that 
many  of  the  complicated  English  distributors  could  never  be  operated 
in  this  climate. 
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With  regard  to  rate  and  its  converse,  required  area,  the  advantage 
all  on  the  side  of  the  trickling  filter.  Double-contact  beds  6  feet 
9ep  can  not  be  operated  at  a  rate  over  0.5  million  gallons  per  acre  per 
ay  (calculated  on  the  combined  area  of  the  two  beds).  With  trick- 
3g  filters,  on  the  other  hand,  a  rate  three  or  four  times  as  high  may 
mlj  be  attained.  It  was  estimated  at  Ijeeds  that  17  acres  of  trick- 
3g  filters  could  be  substituted  for  165  acres  of  double-contact  beds. 
^ih  r^^rd  to  the  results  produced,  it  must  be  concluded  that  the 
adding  effluent  is  generally  superior  to  that  of  the  double-contact 
3d.  It  is  more  turbid,  but  contains  less  organic  matter  and  shows 
neater  stabiUty.  Finally,  the  trickling  filter  is  apparently  not  sub- 
^  to  so  serious  clogging  as  the  contact  bed.  What  little  clogging 
scurs  does  not  interfere  >nth  the  capacity  of  the  beds.  Further- 
ore,  deposits  may  easily  be  washed  out  of  the  filter,  and  this  washing 
to  a  great  extent  accomplished  automatically  at  times  of  storm.  It 
enns  even  possible  that  in  some  cases  crude  sewage  may  be  handled 
'  the  trickling  filter.     Harding  says: 

U  the  caae  of  Leeds,  I  must  say  I  do  not  see  that  there  is  any  necessity  for  antecedent 
tic  action,  and  if  it  proves  practicable,  as  I  think  it  will,  to  devise  an  automatic  screening 
i^nttus  to  take  off  the  grosser  solids,  I  think  it  would  be  possible  to  put  crude  sewage 
b  finely  divided  solids  direct  upon  a  continuous  filter  and  then  have  a  settling  tank  at  (he 
^  of  the  process,  instead  of  at  the  beginning,  or  if  the  land  is  available,  as  it  would  1x3 
bmbly  for  the  Leeds  works,  pass  it  overland  for  the  purpose  of  mechanically  separating — 
ixing— the  suspended  solids.     [R.  S.  C,  1902  a.] 

As  evidence  against  the  trickling  process  it  shoidd  ])e  noted  that 
Selfast  Letts  obtained  very  poor  results  with  the  trickling  filter 
ten  filtering  septic  effluent.  He  used  the  Stoddart  distributer,  and 
i  -bed  was  3  feet  9  inches  deep,  filled  with  6-inch  clinker.  The  puri- 
ation  was  less  than  that  obtained  in  parallel  experiments  at  lower 
tes  with  a  single-contact  bed  (Martin,  1905).  The  large  size  of 
e  material  used  and  the  poor  distribution  seem  to  have  vitiated  this 
iperiment.  At  Manchester  a  Stoddart  filter  of  coarse  clinker  2  to 
inches,  dosed  with  septic  eflluent,  was  tested  in  1000.  The  effluents 
are  of  fair  quality,  but  so  turbid  as  to  require  settling  (Manchester, 
^01).  Again,  in  1902  a  desultory  experiment  was  made  by  dosing 
second-contact  bed  with  a  sprinkler  and  leaving  the  outlet  open, 
be  secondary  bed  received  six  fillings  a  day,  each  occupying  a])out 
I  hour,  so  that  it  worked  a>s  a  sort  of  trickling  filter  for  a  quarter  of 
ie  time.  A  comparison  of  the  effluent  obtained  in  this  way  witli 
lat  from  the  secondary  ])ed  operated  Jis  a  contact  bed  showed  that 
le  latter  process  gave  distinctly  better  residts. 

It  should  be  mentioned  that  several  deteniiinations  which  have  been  made  sliow  that 
ere  is  more  dissolved  oxygen  in  the  filtrate  from  l>ed  I)  when  this  lx»d  is  worked  continu- 
laly  than  when  it  is  worked  as  a  contact  bed;  there  is,  however,  invariably  more  suspended 
aUer  in  the  former  case.  It  is  no  doubt  owing  to  this  suspended  matter  that  the  perrent- 
^  purification  results  above  given  are  unfavorable  to  the  sprinkler.    [Manchester,  1903.] 
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With  the  exception  of  these  incomplete  and  inconclusive  studleS: 
the  evidence  of  comparative  tests  favors  the  triclding  process.  At 
Leeds  the  matter  was  studied  most  exhaustively.  The  analytic^ 
results,  as  indicated  by  the  figures  quoted  in  Tables  XXXVI  and 
XIjIX,  were  slightly  better  for  the  triclding  process  than  for  the 
contact  beds,  with  rates  threefold  high^.  While  contact  beds  clogged 
badly  even  with  septic  effluent,  the  trickling  beds,  if  built  of  coarse 
material  (over  IJ  inches),  maintained  their  efficiency  (Leeds,  1900). 
At  York  an  elaborate  series  of  comparative  experiments  was  carried 
out  in  1899  and  indicated  a  marked  superiority  for  the  trickling  filter 
(York,  1901).  The  principal  analytical  results  are  summarized  in 
Table  LII. 

Table  UI. — ResvUs  of  experiments  at  Nabum  disposal  works,  York  (FoHt,  IQOfj. 


Material. 

Rate 
(million 
gallons 
per  acre 
per  day). 

Analyses  (parts  per  million). 

Total 
solids. 

Oxygen 

Conditions. 

Free 
am- 
monia. 

Albumi- 
noid am- 
monia. 

Nitrates. 

sumed 

Iii4 

hoanat 

Closed  septic  tank  and  single- 
contact  filters,  August,  1%09, 

1  Sewage  . . . 
Effluent . . 

0.5 

872 
571 

819 
711 

897 
950 

840 
719 

876 
645 

33.6 
19.7 

38 
9.8 

38 
25 

31.8 
2.1 

24.7 
4.6 

5.1 

1.8 

4.2 

1.2 

4 

2.5 

5.9 
.6 

6.3 

.8 

31 

11 

Crude-sewage  and  double-con- 
tact beds,  August  to  Octo- 

1 Sewage... 
Effluent .. 

.2 

33 

8.3 

0 
0 

&3 

ber.  1899 

Ladder  filter,  August  to  No- 
vember. 1899 

i  Sewage  . . . 
J  Effluent . . 

.4 

33 

18 

Open  septic  tank  and  continu- 
ous fifter.  July,  1900,  to  Au- 
gust 1901 

Sewage . . . 
Effluent . . 

2.6 

42 

113 

e.6 

Open  septic  tanks  and  double- 
contact     beds,     November, 

1(WI    tn   A  ntyiiaf-    lOOl 

Sewage . . . 
Effluent  . . 

.2 

13 

27.6 

All 

At  Accrington  trickling  filters  have  been  substituted  for  contact 
beds  (Baker,  1904) ;  and  the  same  change  is  contemplated  at  Heywood 
(Bredtschneider  and  Thumm,  1904). 

RECENT    TENDENCIES    IN    SEWAGE-DISPOSAL    PRACTICE    IN    ENGLAND, 
GERMANY,    AND   THE    UNITED   STATES. 

Advances  in  the  art  of  sewage  disposal  by  processes  of  rapid  treat- 
ment have  been  made  almost  wholly  in  England.     It  is  natural  that 
such  should  have  been  the  case,  since  the  concentration  of  popula- 
tion in  that  country  renders  some  method  of  treatment  necessary 
and  since  the  lack  of  sandy  soil  makes  the  method  of  intermittent 
filtration  impracticable.     We  have  seen   that  the  first  steps  were 
taken  by  Dibdin  in  the  I^ondon  and  Sutton  experiments  of  1892' 
1896,  which  proved  that  the  contact  bed  was  capable  of  successfully 
treating  sewage  at  high  rates.     Meanwhile  Cameron's   septic  tanJ^' 
installed  at  Exeter  in  1896,  was  demonstrating  the  anaerobic  proce^ 
of  preliminary  treatment.     At  bollv  SwttiOiv  and  Exeter  septic  tani^ 
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red  by  contact  beds  have  since  been  installed  (Baker,  1904). 
)ndon  the  system  of  chemical  precipitation  remains  essentially 
vas  in  1892.  The  experiments  carried  out  by  Clowes  and  Hons- 
i  1898-1901  led,  however,  to  the  recommendation  that  instead 

3  process  there  be  substituted  (a)  sedimentation  of  .mineral  mat- 
))  septic  treatment  in  tanks  of  six  hours*  capacity,  and  (c)  treat- 
in  single-contact  beds  of  coke  6  feet  deep  (Clowes  and  Houston, 

)  next  important  series  of  investigations  was  that  carried  out 
tnchester.  This  city,  the  third  metropolis  of  England,  has  a 
ation  of  half  a  million  and  a  daily  flow  of  42  million  gallons  of 
I  industrial  sewage.  Chemical  precipitation  was  introduced  in 
but  the  effluent  created  a  nuisance  in  the  ship  canal  into  which 
\  discharged.  No  land  was  available  for  treatment,  and  in  1898 
imission  consisting  of  Baldwin  Latham,  Percy  Frankland,  and 
[.  Perkins  began  a  series  of  experiments  on  the  newer  rapid 
)ds.  The  first  report,  made  in  1899  (Manchester,  1900  a),  con- 
i  that  in  spite  of  the  presence  of  industrial  wastes,  the  ''bac- 
system  is  the  system  best  adapted  for  the  purification  of  the 
e  of  Manchester.**  The  experts  believed  that  double-contact 
rould  produce  a  satisfactory  effluent.  "  It  may  be  taken  broadly 
n  the  first  contact  50  per  cent  of  the  dissolved  impurity  is  re- 
1  and  that  in  the  second  contact  50  per  cent  of  the  impurity 
emaining  in  the  effluent  is  disposed  of.**  They  held  that  "in 
that  a  bacterial  contact  bed  may  exercise  its  full  powers  of 
;ation,  it  is  necessary  (a)  that  it  should  be  allowed  sufficiently 
mt  and  prolonged  periods  of  rest;  (b)  that  the  sewage  applied 
should,  as  far  as  possible,  be  free  from  suspended  matters;  (c) 
he  sewage  applied  to  it  should  be  of  as  uniform  a  character  as 
•le.**  They  therefore  recommended  the  installation  of  open 
tanks  and  double-contact  beds.  The  secondary  beds  have  not 
jen  constructed,  but  46  acres  of  primary  beds  were  in  operation 

4  (Baker,  1904). 

1  next  important  investigations  were  carried  out  at  another 
manufacturing  center,  I^eeds.  Here  some  experiments  were 
in  1870  which  led  to  the  adoption  of  chemical  precipitation. 
94  a  special  commission  recommended  broad  irrigation,  but 
ent  land  was  not  available.  In  1897  investigations  were  begun 
Hewson,  W.  II.  Harrison,  and  T.  W.  Harding,  and  reports  have 
3iade  in  1898,  1900,  and  1905.  It  was  found  that  the  double- 
jt  process  gave  good  results  with  crude  sewage  and  excellent 
3  with  septic  effluent,  but  that  serious  difliciilty  was  experi- 
in  maintaining  the  capacity  of  the  primary  beds.  Trickling 
of  fine  material  gave  good  results,  but  clogged  badly. 
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and  1 

19011      ^ 


On  the  other  hand,  continuous  filtration  over  very  coarse  material  of  septic  effluent 
even  of  crude  sewage  has  given  interesting  and  remarkable  results  if  the  solids  in  suspenaon 
which  come  out  in  the  effluent  are  settled  after  filtration.  These  solids  are  nonputrescibW, 
can  be  readily  settled,  and  the  drying  does  not  give  rise  to  evil  odors.  It  would  seem  thtt  the 
coming  through  of  these  solids,  which  for  the  most  part  are  not  further  reducible  and  Urgelj 
mineral,  insures  the  permanence  of  the  coarse  beds. 

It  has  been  found  practicable  for  long  periods  to  work  coarse,  continuous  beds  10  (eei 
deep  at  the  rate  of  200  gallons  per  square  yard,  or  1  million  gallons  per  acre  per  day,  for  septic 
eflfluent.  At  this  rate  results  giving  over  90  per  cent  purification  are  obtained  after  settle- 
ment of  soHds  coming  out  in  the  filtrate;  and  although  at  this  rate  some  of  the  solids  aze 
retained  in  the  filter  and  there  accumulate,  they  can  be  washed  out  by  the  increased  flow 
which  naturally  arises  with  storm  dilution.  This  possibility  of  dealing  with  storm  wateis  k 
an  important  feature  of  the  system. 

It  would  seem  practicable  to  deal  with  crude  sewage  (previously  strained  through  several 
screens) ;  but  in  this  case  a  depth  of  12  feet  of  material  would  be  required  for  Leeds  sewage, 
which  is  not  very  strong.  These  latter  experiments  have  not  been  carried  on  long  enoogfa  to 
draw  from  them  any  definite  conclusions.    [Dibdin,  1903.]  . 

It  was  finally  recommended  by  the  Leeds  experts  that  coarse,  trick- 
ling filters  be  installed,  either  preceded  by  septic  or  chemical  treatment 
or  followed  by  subsequent  sedimentation.  Construction  has  been 
delayed  on  account  of  legal  and  political  obstacles. 

Birmingham,  the  fourth  largest  city  in  England,  with  a  population 
of  800,000,  has.  faced  similar  difficulties.  The  dischai^  of  sewage 
into  the  river  Tame  was  begun  in  1852.  In  1859  experiments  were 
carried  out  which  led,  in  1872,  to  the  installation  of  chemical  precipita- 
tion tanks  and  a  sewage  farm.  Recently  a  most  elaborate  series  of 
large-scale  experiments,  unfortunately  never  reported  in  print,  have 
been  carried  out  by  Watson,  the  city  engineer,  and  have  indicated  the 
application  of  biological  processes.  In  1900  a  beginning  was  made  by 
converting  the  precipitation  basins  into  septic  tanks.  The  sewage  is 
now  first  settled  for  about  four  hours  in  tanks  which  are  cleaned  once  a 
week.  Thence  it  passes  through  the  open  septic  tanks,  which  have  a 
capacity  of  eight  liours'  dry-weather  flow.  No  sludge  had  been  removed 
from  these  tanks  after  three  and  one-half  years  of  operation.  The 
septic  effluent  is  then  treated  on  tlie  largest  farm  in  England,  2.830 
acres  in  extent,  of  which  1,784  acres  are  in  actual  use.  The  results  of 
these  various  processes  in  1902  are  shown  in  Table  LIII. 

Table  LIII. — Results  ofNeuxi/je  purif  cation  at  BirmingJiam,  England  {WaUoUt  190S). 

[Parts  per  million.] 


Solids. 


Dis-      I      Sus- 
solved.      ponded. 


Average  sewage 

Sedimentation-tank  effluent . 

Septic- tank  effluent 

Average  land  effluent 


-|  ' 


1.280 
1,312 
1,180 
l.O'O 


am 

346 
274 


Nitrogen  as- 

Oxygen  consuffl^d 
in  4  hours  at  »•' 

Free     '  Albunii- 

ammo-     nold  am- 

nia.      '   monla. 

Nitiutes. 

Di8-         Su»- 
aolved.  '  peaded. 

39.3  !          14.2 
.37.7            10.9 
48.1              8.3 

1.7  1              .1 

7 

7.3 

3.1 

5.7 

127  '         «•? 
149           «. 

121            '^•'^ 
19   
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It  is  planned  in  the  future  to  settle  the  septic  e£9uent  in  Dortmund 
inks  and  to  purify  it  by  passage  through  trickling  beds,  of  which 
lur  were  in  operation  in  1904  (Baker,  1904). 

Experiments  second  in  importance  only  to  those  mentioned  have 
len  carried  out  at  other  large  cities  in  England.  At  Leicester  in 
19^99  a  series  of  investigations  was  made  by  E.  G.  Mawbey  involv- 
^  16  combinations  of  detritus  tanks,  settling  tanks,  single,  double, 
A  triple  contact  beds,  and  land  treatment.  Most  of  these  experi- 
Bnts  were  imfdrtunately  of  very  short  duration.  At  present  the 
jaumont-Leys  sewage  farm  of  1,700  acres  is  still  in  operation,  but  the 
itallation  of  settling  tanks  and  single-contact  beds  is  planned  for  the 
ar  future  (Leicester,  1900).  Huddersfield  has  a  serious  problem  in 
B  presence  of  large  amounts  of  industrial  waste  from  the  scouring 
d  dyeing  of  wool;  but  it  was  shown  in  a  series  of  experiments  car- 
d  out  between  1898  and  1900  by  J.  L.  Campbell  that  chemical 
iatment,  sedimentation,  and  contact  treatment  would  solve  the 
ficulty  satisfactorily  (R.  S.  C,  1902  b).  At  certain  hours  of  the  day 
ingle  treatment  would  be  sufficient,  while  at  other  times  secondary 
is  should  be  used.  Triple-contact  beds  treating  crude  sewage 
ve  good  purification,  but  clogged  badly.  At  Oldham  studies  car- 
d  out  by  J.  B.  Wilkinson  from  1898  to  1900  led  to  the  adoption  of 
limentation  and  single-contact  beds  (R.  S.  C,  1902  b).  At  York 
3inical  treatment  has  proved  unsatisfactory,  and  since  1899  investi- 
tions  have  been  carried  on  by  A.  Creer,  which,  as  shown  in  Table 
I,  indicated  that  septic  tanks  and  trickling  filters  would  best  solve 
)  problem.  .  Large-scale  experimental  filters  have  been  put  in  opera- 
n,  but  the  final  construction  is  not  yet  imder  way  (Baker,  1904). 
rhe  review  of  existing  conditions  in  1904  published  by  M.  N. 
ker  (1904)  describes  some  of  the  most  interesting  plants  in  actual 
sration.  At  Manchester,  Sutton,  Exeter,  Yeovil,  Barrhead,  Old- 
in,  and  Burnley  he  found  septic  tanks  and  contact  filters.  At  Bir- 
ngham,  Salford,  Accrington,  and  York  trickling  filters  were  in 
eration.  There  is  a  strong  general  tendency  to  the  conversion  of 
I  chemical-precipitation  systems  into  septic  tanks,  except  at  Glas- 
w,  where  the  former  process  is  to  be  maintained.  Sewage  farming 
not  extending,  although  it  has  its  strong  advocates  and  many  of  the 
rms  now  in  use  operate  satisfactorily.  The  popularity  of  double- 
ntact  beds,  at  a  maximum  five  years  ago,  seems  already  on  the 
me.  Trickling  filters,  either  preceded  or  followed  by  septic  treat- 
ent  or  sedimentation,  are  growing  in  favor  (Baker,  1904). 
The  general  progress  of  sewage  disposal  in  England  has  been  seri- 
isly  checked  by  the  local  government  board,  which  enjoys  extraor- 
nary  authority  over  any  exercise  of  the  borrowing  power  on  the 
tfts  of  municipal  corporations.     The  sewage  of  towns  commission 
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had  reported  in  1865  that  "the  right  way  to  dispose  of  town  sewage 
is  to  apply  it  continuously  to  land,  and  it  is  only  by  such  application 
that  the  pollution  of  rivers  can  be  avoided."  The  rivers  pollution 
commission  in  its  five  reports  from  1870  to  1874  recommended  inter- 
mittent filtration  as  the  best  method  for  sewage  treatment,  with 
broad  irrigation  next  and  chemical  precipitation  last.  The  metro- 
politan sewage  commission  of  1882  reported  in  1884  that  chemical 
precipitation  should  be  adopted  by  London  and  that  the  effluent 
should  finally  be  treated  on  land.  The  local  government  board,  on 
the  strength  of  these  precedents,  has  maintained  a  position  of 
extreme  conservatism,  requiring,  save  in  exceptional  cases,  that  "any 
scheme  of  sewage  disposal  for  which  money  is  to  be  borrowed  with 
their  sanction  should  provide  for  the  application  of  the  sewage  or 
efiluent  to  an  adequate  area  of  suitable  land  before  its  dischaige 
into  a  stream."  The  following  detailed  rules  of  the  board  were  set 
forth  in  a  circular  issued  in  1900:  ''In  any  sewage  works  three  times 
the  dry-weather  flow  must  be  treated,  and  an  equivalent  amount 
in  addition  must  be  provided  for  by  special  storm-water  filters. 
Septic  tanks  or  sedimentation  basins  must  have  a  capacity  equal  to 
the  dry-weather  flow  if  followed  by  double-contact  beds,  and  50  per 
cent  larger  if  followed  by  single-contact  or  trickling  filters.  Contact 
beds  must  not  be  over  4  feet  deep  and  may  receive  two  fillings  a 
day,  or  three  if  automatic  devices  are  provided.  Their  capacity 
shall  be  figured  on  an  open  space  of  33  per  cent  with  preliminary 
septic  treatment  or  sedimentation  and  of  25  per  cent  with  crude 
sewage.  Trickling  filters  must  be  at  least  6  feet  deep  and  may 
operate  at  a  rate  of  1  million  gallons  per  acre  per  day  with  crude 
sewage,  which  may  be  doubled  with  sedimented  sewage  or  septic 
eflluent.  The  eflluent  from  either  the  contact  or  the  trickling  pro- 
cess must  be  subsequently  treated  on  land,  1  acre  being  allowed  for 
every  1,000  persons  contributing  sewage.  With  crude  sewage  on 
land  150  persons  per  acre  is  the  limit.'' 

In  view  of  the  experiments  at  London  and  Sutton  and  at  Leeds 
and  Manchester,  such  rules  were  an,  almost  intolerable  burden,  and 
with  these  facts  in  view  a  new  royal  commission  was  appointed  in 
1898,  with  the  Earl  of  Iddesleigh  as  chairman,  to  determine  "what 
method  or  methods  of  treating  and  disposing  of  sewage  (including 
any  liquid  from  any  factory  or  manufacturing  process)  may  prop- 
erly be  adopted."  This  commission  made  a  first  interim  report  of 
three  volumes  in  1 901 ,  a  second  on  special  chemical  and  bacteriologies 
problems  in  1903,  and  a  third  in  two  volumes  on  the  treatment  of 
trade  eflluents  in  1903.  Of  a  fourth  report  four  volumes  were  issued 
in  1903  and  1904,  three  on  the  pollution  of  tidal  waters,  with  spe- 
cial reference  to  contamination  of  shellfish,  and  a  fourth  (in  fi^® 
parts)  on  the  land  treatment  ot  se>N^^<^.    Tk^^  first  interim  report  of 
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101  accomplished  the  chief  work  of  the  comnussion,  since  it  con- 
ined  the  conclusion  that — 

It  18  practicable  to  produce  by  artificial  processes  alone,  either  from  sewage  or  from 
rtain  mixtures  of  sewage  and  trade  refuse — such,  for  example,  as  are  met  with  at  Leeds 
d  Manchester — effluents  which  will  not  putrefy,  which  would  bo  classed  as  good  accord- 
;  to  ordinary  chemical  standards,  and  which  might  bo  discharged  into  a  stream  without 
kr  of  creating  a  nuisance.  We  think,  therefore,  that  there  are  cases  in  which  the  local 
Temment  board  would  be  justified  in  modifying,  under  proper  safeguards,  the  present 
le  as  regards  the  application  of  sewage  to  land.     [R.  S.  C,  1901.] 

The  conclusions  of  the  royal-  sewage  commission  throw  open  the 
ay  for  progress,  and  the  developments  of  the  next  decade  may  be 
atched  with  interest. 

On  the  continent  of  Europe  progress  in  sewage  disposal  has  been 
uch  less  rapid  than  in  England.  Germany  is  ahead  of  other  coun- 
ies  in  this  respect,  but  even  here  the  problem  has  not  pressed 
Javily.  The  population  is  less  dense  and  the  rivers  larger  than  in 
ngland.  The  installation  of  purification  systems  was  slow,  and 
hen  they  were  found  necessary  land  for  irrigation  was  generally 
railable.  The  knowledge  of  the  process  of  sewage  farming  dated 
om  a  visit  to  England  made  in  the  early  seventies  by  a  Berlin 
»mmission  headed  by  Rudolf  Virchow,  and  inspiration  along  more 
odem  lines  has  similarly  come  from  England.  In  1897  of  43 
Dglish  cities  with  over  70,000  population  23  treated  their  sewage 
r  irrigation  or  chemical  precipitation.  In  Germany  at  the  same 
ne  there  were  only  nine  cities  with  over  70,000  population  having 
sposal  systems,  of  which  three  were  precipitation  works  and  six 
wrage  farms  (Kinnicutt,  1898). 

The  most  important  experimental  work  carried  out  in  Germany 
s  been  that  of  the  experiment  station  of  the  Hygienic  Institute 

Hamburg.  This  was  founded  in  1894  to  test  various  sewage- 
xification  processes  and  placed  under  the  charge  of  Doctor  Dunbar 

director.  Experiments  on  the  contact  j)rocess  were  begun  in 
97,  and  the  studies  at  this  station  have  done  more  than  any  others 

elucidate  the  theory  of  the  contact  bed.  The  general  results  indi- 
ted that  good  effluents  could  be  obtained  from  single-contact  beds 

fine  material,  but  that  under  such  conditions  clogging  occurred, 
aich  must  necessitate  the  removal  of  the  material  for  cleaning  sev- 
al  times  a  year  (Dunbar  and  Thumm,  1902). 

Meanwhile  Schweder  had  installed  in  IS97  an  experimental  septic 
nk  and  contact  bed  at  Grosslichterfelde  to  treat  part  of  the  sew- 
;e  of  Berlin.     A  commission  appointed  by  the  Prussian  ministry 

the  interior  studied  this  plant  in  1897-98  and  arrived  at  the  same 
delusion  which  Dunbar  had  reached  in  the  case  of  Hamburg 
iruch,  1899). 

In  1901  the  royal  testinti:  station  for  water  supply  and  sewage 
isposal  was  organized  at  Berlin,  and  its  aimw«\  c,o\x^\«i^^Tii^^^l^ss'c^ 
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since  1902  have  furnished  a  succession  of  papers  of  the  greatmi 
value.  Unfavorable  results  were  first  reported  from  contact  beds 
at  Tempelhof  and  Charlottenburg.  In  1901  Zahn  (1901)  on  behaK 
of  the  station  carried  out  a  series  of  investigations  at  CharloUeih 
burg  (Westend)  which  showed  that  nonputrescible  effluents  could 
be  obtained  with  single  contact.  Experiments  by  Schury  (1905)  it 
Stuttgart  led  to  similar  results,  septic  treatment  and  single  contict 
giving  good  results,  little  improved  by  secondary  treatment.  Trick- 
ling filters  proved  slightly  better  than  contact  beds. 

The  general  trend  of  the  German  experimental  work  has  till 
recently  been  in  favor  of  single-contact  treatment  in  beds  of  fine 
material,  to  be  dug  out  and  cleaned  at  intervals.  Opinion  is  not 
favorable  to  the  septic  tank.  Considerable  interest  has  been  recently 
manifested  in  the  trickling  filter,  especially  at  Berlin.  In  spite  of 
the  great  importance  of  the  Hamburg  work  in  relation  to  theoretical 
questions,  the  writers  can  not  feel  that  the  (jerman  experiments 
have  furnished  a  fair  test  of  the  modem  biological  processes.  It  is 
true  that  German  sewage  is  strong  and  contains  large  amounts  of 
industrial  wastes,  yet  in  addition  to  these  facts  it  seems  even  to 
local  observers  that  the  experimental  filters  have  not  been  operated 
with  the  judgment  and  skill  necessary  to  secure  the  greatest  prac- 
tical efficiency  (Thumm,  1905). 

Actual  practice  in  Europe  outside  of  England  is  still  largely  con- 
fined to  chemical  treatment  and  irrigation.  In  Germany  in  1904, 
according  to  the  official  charts  exhibited  at  the  St.  Louis  Exposition, 
there  were  254  cities  with  over  15,000  inhabitants.  Twenty  of  these 
had  no  sewerage  system.  Of  the  remainder,  132  discharged  their 
sewage  into  water,  84  treated  it  by  various  chemical  processes,  and  18 
disposed  of  it  on  irrigation  areas.  Bredtschneider  and  Thumm  were 
sent  by  the  Berlin  royal  testing  station  and  the  city  of  Charlottenburg 
to  study  English  conditions  in  1903,  and  their  report  (Bredtschneider 
and  Thumm,  1904),  together  with  the  results  of  the  Hamburg  and 
Berlin  experiments,  is  likely  to  bear  fruit  in  the  near  future.  In 
France,  too,  active  interest  is  manifested  in  the  newer  processes.  A 
commission  including  MM.  Calmette,  Beckman,  and  Lannay  visited 
England  in  1900  to  examine  the  works  there  in  operation,  and  later 
experiments  showed  that  the  sewage  of  Lille  could  be  satisfactorily 
treated  in  septic  tanks  and  double-contact  beds  (Calmette,  1901). 

In  the  United  States  sewage-disposal  practice  necessarily  varies 
widely  in  different  localities.  New  England,  covered  with  a  mant^® 
of  Glacial  drift,  finds  the  Lawrence  method  of  intermittent  filtratio^^ 
through  sand  eminently  satisfactory.  Following  the  construction  p^ 
the  beds  at  Framingham  in  1889  and  at  Gardner  and  Marlboro  i^ 
1891,  plants  of  this  type  have  been  rapidly  added  in  Massachuset^ 
till  in  1903  there  were  23  intermittent-filtration  areas  in  the  St»^ 
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liassachusetts,  1904).  In  Connecticut  in  1902  there  were  nine 
lants  in  operation,  all  sand  filter  beds  (Connecticut,  1903). 
West  of  the  Appalachian  Mountains  soil  conditions  change,  and 
wlable  areas  of  sand  become  more  and  more  difficult  to  obtain. 
he  septic  tank  is  frequently  called  in  to  remove  solids  and  make 
ossible  the  treatment  of  sewage  at  more  rapid  rates.  The  plants  at 
aratoga,  N.  Y.  (Barbour,  1905),  Lake  Forest,  111.  (Alvord,  1902),  and 
T'auwatosa,  Wis.  (Alvord,  1902),  are  good  examples  of  this  type. 

In  the  Middle  West  the  newer  biological  processes  are  rapidly 
;aining  a  foothold. 

The  first  septic  tanks  at  Urbana,  111.  (1894),  and  Champaign^  111., 
lAve  been  mentioned.  Septic  tanks  have  since  been  installed  at 
iewanee,  111.  (1898),  Fond  du  Lac,  Wis.  (1901),  Madison,  Wis.(1901), 
llansfield,  Ohio  (1902),  and  a  score  of  other  places.  The  construction 
)f  contact  beds  began  about  1900  and  some  dozen  plants  are  now  in 
iperation,  the  most  important  being  at  Mansfield,  Ohio  (Pratt,  1905). 
In  1905  there  were  in  Ohio  32  purification  plants,  of  which  19  were  sand 
Slters  and  7  contact  beds;  13  made  use  of  septic  tanks  at  some  stage 
in  the  process  (Pratt,  1905).  The  only  trickling  filter  of  large  size  is 
it  Madison,  Wis. 

Most  of  the  plants  in  the  Middle  West  are  small  and  in  many  cases 
heir  maintenance  is  grossly  neglected  (Winslow,  1905).  The  city  of 
^lumbus  is  the  first  American  municipality  to  approach  the  subject 
rith  a  serious  intention  of  finding  the  method  of  treatment  best  suited 
0  local  conditions.  Here,  under  the  direction  of  Hering  and  Fuller, 
testing  station  was  equipped  in  1904,  and  a  force  of  experts,  includ- 
ig  G.  A.  Johnson,  W.  E.  Copeland,  and  A.  E.  Kimberley,  carried  out 
)r  a  year  an  elaborate  series  of  experiments.  The  station  included  a 
iboratory,  one  set  of  open  tanks  for  preliminary  treatment,  and  three 
>ts  of  filters,  with  a  gallery  under  a  frame  covering  for  each  set.  The 
swage,  amounting  to  about  350,000  gallons  per  day,  was  raised  by  a 
mtrifugal  pump  to  a  screen  chamber  with  two  movable  screens  of 
iree-eighths  inch  diagonal  wire  mesh.  Next  it  passed  to  one  of  the 
inks  for  preliminary  treatment.  These  were  seven  in  number,  each 
0  feet  by  8  feet,  8  feet  deep  at  the  upper  end  and  9  feet  deep  at  the 
)wer  end,  built  of  wood  lined  with  galvanized  iron.  The  first  two 
ftnks  were  called  grit  chambers,  the  sewage  flowing  through  in  about 
•ne  and  one-half  hours.  The  other  five  tanks  were  either  "plain 
edimentation"  or  septic  tanks,  in  which  the  sewage  remained  eight 
lours  or  more,  the  difTerence  being  that  the  former  were  emptied  and 
leaned  whenever  septic  action  began.  In  the  septic  tanks  periods  of 
sight,  sixteen,  and  twenty-four  hours  were  compared. 

The  sewage  after  treatment  b>'  one  of  these  three  preliminary  pro- 
cesses (grit  chamber,  plain  sedimentation  basin,  or  septic  tank)  was 
purified  by  treatment  in  one  or  more  of  thirty-five  experimental  filters. 
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These  were  cypress  tanks  6  feet  deep;  one  was  11  feet  in  diameter, 
four  12  feet  10}  inches  in  diameter,  and  the  other  thirty  7  i  feet  in 
diameter.  They  were  all  open  filters  and  arranged  for  the  most  part 
in  two  blocks  of  two  rows  each,  with  a  covered  dosing  and  sampling 
gallery  between  the  rows,  in  which  all  the  engineering  details  of  opera- 
tion were  regulated  with  the  greatest  accuracy.  Twenty-one  were 
intermittent  sand  filters,  two  primary  and  four  secondary  contact 
beds  of  broken  limestone,  two  coke  strainers,  and  six  trickling  filters. 
With  this  plant  the  widest  possible  series  of  combinations  was  tried, 
including  sand  filters,  trickling  filters,  and  contact  beds  alone,  either 
of  these  preceded  by  plain  sedimentation  or  septic  treatment,  and 
sand  filters  preceded  by  contact  or  trickling  filters.  The  results  of 
the  experiments  have  led  to  the  recommendation  of  septic  treatment, 
followed  by  trickling  beds. 

Plans  of  the  sewage-purification  work  for  a  nominal  flow  of  20  million  gallons  per  day 
have  been  presented  to  the  State  board  of  health.  The  plans  propose  septic  tanks  foUowed 
by  sprinkling  filters.  The  septic  tanks  will  be  12  feet  in  depth,  uncovered,  and  will  havei 
capacity  of  about  8  million  gallons.  The  sprinkling  filters  will  be  about  10  acres  in  am, of 
broken  stono,  5  feet  in  depth,  laid  on  hollow  free-draining  bottom,  with  sprinkling  nooies 
15  feet,  center  to  center,  designed  under  a  5-foot  head  to  spray  the  septic  sewage  over 
the  surface  of  tb.e  broken  stone,  at  a  net  rat«  of  2  million  gallons  per  acre  per  day.  TTw 
effluent  from  these  filt<?ra  will  be  collected  in  settling  basins  with  a  capacity  of  4  millioo 
gallons.     [Griggs,  1905.] 

In  the  extreme  West  a  tliird  set  of  conditions  confronts  the  sewage 
expert.  The  arid  climate  here  makes  the  sewage  of  special  value  for 
irrigation  and  the  sparseness  of  population  renders  sewage  farming 
the  most  profitable  means  of  treatment.  Following  the  early  broad- 
irrigation  areas  at  Cheyenne,  Wyo.  (1883),  Greeley,  Colo.  (1890), 
Hastings,  Nebr.  (1892),  I^s  Angeles,  Cal.  (1892),  and' Trinidad,  Colo. 
(1892),  a  dozen  or  more  plants  have  been  laid  out  and  are  in  opera- 
tion, the  largest  in  1904  being  at  Los  Angeles,  Cal.,  Salt  Lake  CStT, 
Utah,  and  Hastings,  Nebr. 

Chemical-precipitation  plants,  built  before  the  newer  processes  were 
developed,  are  maintained  at  Alliance  and  Canton,  Ohio,  and  at  other 
places  to  avoid  the  cost  of  change.  At  Providence,  R.  I.,  on  account 
of  special  local  conditions,  this  process  seems  well  adapted  for  con- 
tinued use. 

In  a  comprehensive  review  of  conditions  in  the  United  States, 
Fuller  (1905  a)  states  that  of  1 ,524  cities  and  towns  with  a  population 
over  3,000,  1,100  have  sewerage  systems  and  90  have  purification 
plants.  Among  these  90  plants  are  14  irrigation  areas,  41  intermit- 
tent sand  filters,  13  chemical-precipitation  works,  29  septic  tanks,  and 
10  rapid  filters  of  coarse  materials.  The  fact  that  of  a  population  of 
28,000,000  connected  with  sewerage  systems  the  sewage  of  20,400,000 
is  discharged  into  fresh  water  and  of  6,500,000  into  the  sea  furnishes 
some  indication  of  the  problem  whicb.  \m\st  be  met  in  the  near  future. 
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EXPERIMENTS  ON    THE    PURIFICATION  OF    BOSTON 
SEWAGE,  1903-1905. 

THE   BE  WAGE    EXPERIMENT   STATION.  • 

The  sewage  experiment  station  of  the  Massachusetts  Institute  of 
'echnolc^gr  is  situated  in  the  southeastern  portion  of  the  city  of  Bos- 
on, near  the  comer  of  Albany  street  and  Massachusetts  avenue,  at 


L>HiT  OF  3EWAOE  OlSTHiCT 


L-.' 


^ALEl    OF     MILtS 


AUCA   TR1BUTA«lf  TO 


^  H.I.T,  3TAT1DN 


Fio.  9.— Map  of  Mflssnclnisotts  irn'tropoUtnn  sowrrap*  district. 

^^  point  indicated  by  the  star  on  the  map  (fig.  9).  Connection  is 
^e  with  the  9-foot  sewer  of  the  Boston  main  drainage  system  at  a 
oint  on  Massachusetts  avenue  about  200  feet  below  the  entrance  of 
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the  Albany  street  intercepting  sewer.  Prior  to  October  14, 190 
age  from  the  whole  of  Boston  south  of  the  Charles,  with  the  exc 
of  the  Dorchester  and  South  Boston  districts,  together  with 
collected  by  the  south  metropolitan  sewerage  system  from  Wa 
Newton,  Watertown,  Brighton,  and  Brookline,  flowed  p:!st  the 
intake.  This  contributory  area  is  sho\Mi  in  fig.  9.  In  190^ 
flow  above  the  station  was  more  than  50  million  gallons  a  day 
district  with  a  contributing  population  of  350,000,  sewered 
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Fin.  10.  -  Plan  of  Mnssvchusctts  Instifit"  of  Tt'chnolopy  «»xporimcnt-8tation  grounds  and 

most  part  on  the  combined  system.  Since  October,  1904,  tl 
pletion  of  the  new  high-level  sewer  and  of  the  Ward  street  p 
station  has  resulted  in  the  diversion  of  ml  the  sewage  from  the 
poUtan  district,  outside  of  Boston  proper,  to  the  new  sewer, 
ishing  the  average  daily  flow  past  the  station  intake  by 
one-fourth.  The  location  of  the  station  and  of  the  intake  pi 
reference  to  the  sewers  is  best  seen  in  the  accompanying 
plan  (fig.  10). 
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A  2 J-inch  galvanized-iron  suction  pipe  runs  directly  to  the  station 
imp  from  a  point  in  one  of  the  sewer  manholes  about  10  feet  below 
e  surface  of  the  street.  To  the  lower  end  of  this  pipe  is  coupled  a 
^foot  length  of  rubber  suction  hose  of  3  inches  internal  diameter, 
ds  hose  would  reach  to  the  bottom  of  the  sewer  in  the  absence  of  any 
w,  but  is  carried  by  the  strong  current  to  a  nearly  horizontal  posi- 
n  at  its  lower  end,  so  that  it  is  suspended  at  about  mid-depth, 
le  flow  is  so  strong  that  the  sewage  is  well  mixed  throughout.  At 
3  end  of  the  hose  is  a  strainer  made  from  a  3-foot  length  of  6-inch 
ought-iron  pipe  in  which  eight  J-inch  longitudinal  slots  have  been 
b  from  a  point  near  one  end  through  the  other  end.  The  open  end 
protected  by  a  plate  fastened  within  and  having  deep  notches  cut 
lially  to  correspond  with  the  slots  in  the  pipe.  Such  a  device  is 
md  to  be  largely  self-cleaning,  allowing  a  free  movement  toward 
e  end,  of  any  material  which  is  drawn  lightly  into  one  of  the  slots, 
rainers  of  the  ordinary  type  clog  badly.  Even  with  the  slotted 
pe  the  end  must  be  hauled  up  each  day,  or  oftener,  and  the  rags 
id  other  material  collected  on  it  removed.  The  rubber  suction 
pe  is  joined  to  the  iron  pipe  above  it  by  a  "quick-as-a-wink" 
upler,  a  clamping  device  sometimes  used  in  fire  apparatus  for 
aking  quick  connections  without  screwing.  With  this  coupler  the 
tire  suction  pipe  can  be  disconnected  and  hauled  up  without  bend- 
g  it — a  method  which  it  is  necessary  to  adopt  in  cleaning  the  end 
times  of  very  high  water.  Just  before  reaching  the  pump  the  suc- 
)n  pipe  passes  through  a  grit  chamber,  where  it  deposits  the  heavier 
irticles  of  sand  and  cinders.  This  chamber  was  put  in  at  the  sug- 
stion  of  Mr.  Leonard  Metcalf,  who  furnished  its  design  and  other 
endly  suggestions.  It  consists  of  a  cast-iron  cross  of  stock  water- 
pe  pattern.  The  diameter  of  the  large  arm,  which  rests  vertically 
id  constitutes  the  chamber,  is  19  inches  and  its  depth  16  inches.  The 
her  arm  is  2  J  inches  in  diameter  and  connects  with  the  suction  pipe 
'  flanges.  Blank  flanges  form  the  top  and  bottom  of  the  chamber  and 
e  bolted  on  and  made  tight  by  rubber  packing,  so  that  the  top  of  the 
amber  may  be  readily  removed  for  cleaning.  A  vertical  grating  of 
ilf-inch  square  iron  bars,  placed  so  as  to  give  a  clear  space  of  half  an 
ch  between  them, divides  the  chamber  into  two  parts  and  serves  to 
tain  any  rags  or  other  large  material  wliich  may  have  escaped  the 
ction  strainer.  The  chamber  is  placed  on  the  line  of  the  suction 
pe  8  feet  below  the  surface  of  the  ground  and  is  covered  by  a  heavy 
ime  structure  of  p\Tamidal  form,  6  feet  square  on  the  bottom, 
rom  the  grit  chamber  the  suction  pipe  runs  direct  to  the  cellar  of  the 
ter  house.  Details  of  the  grit  eliamber  are  sliown  in  fig.  11. 
The  filter  house  is  a  two-story  frame  structure,  the  interior  arrange- 
ent  of  which  is  made  dear  in  figs.  12,  13,  and  14.  Fig.  12  is  the 
"ound-floor  plan,  showing  the  arrangement  of  the  filter  tanks  ^slA 
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the  pump  pit.  Fig.  13  is  a  plan  of  the  second  floor,  indicating  ^ 
position  of  the  supply  tanks,  septic  tanks,  and  sand  filters.  Fig- 
is  a  midsectional  elevation  bringing  out  the  vertical  arrangemev 
the  various  parts  of  the  plant. 


'7z:r/ 


Scale  of  feet 
_! L_ 


Fio.  11.— Pt^tall  of  j?rit  chamlwr. 


The  position  of  the  pump  is  shown  in  fig.   12,     It  is  a  4 
duplex  Warren  power  pump  driven  by  a  2-liorsepower  induction  i 
imder  110  volts  alternating  current  of  66  frequency.     The  plunge 
the  cup  type.     It  is  found  that  this  form  protects  the  compoi 
lining  oi  the  cylinder  much  moxe  ipeTlee.\XN  \Jmv.w  ^  ^^xiked  plu 
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«  are  of  the  clapper  type,  with  rubber  packing,  which  is 
r  renewed.     The  pump  is  placed  in  a  pit  7  feet  below  the 


he  filter  house.     The  total  suction  lift  \a  Ift  ie^X.,  t^x^Vwv^Al 
average  dry-weather  elevation  oi  l\ie>  aei>N«k%^  %\)Lx\^<yjb  \» 
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the  pump  valves.     This  lift  may  be  increased  to  20  feet  at  tim^ 
of  low  flow.     The  pump  is  supplied  with  a  vacuum  gage,  which 


enables  the  attendant  to  see  at  a  glance  whether  or  not  the  valv< 
are  performing  their  duty  and  v;\ie\\ict  ^av^  ^Vo^^%:^^  ^\  "Ow^  ^tteii 
ers  has  f 
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he  sewage  is  delivered  through  a  2-inch  force  main  to  supply 
:  A,  best  shown  in  the  sectional  elevation  (fig.  14).  The  lift 
I  the  pump  valves  to  the  tank  is  25  feet.  The  supply  tank  is 
7  6  feet  in  area  and  2  feet  deep.  The  sewage  enters  the  tank 
•  the  side  near  one  end,  passes  over  the  weir  shown  in  the  sec- 
,  and  thence  through  pipes  to  supply  tanks  B  and  C  and  to  the 
ous  filters.  Tanks  B  and  C  are  each  the  size  of  A  and  are  con- 
ed with  each  other  by  holes  through  the  dividing  partition. 
y  serve  primarily  to  give  a  constant  flow  through  the  septic 
:s,  which  are  placed  at  a  lower  level  on  the  same  floor,  and  to 
trickling  filters  on  the  floor  below.  The  two  tanks  have  a  com- 
d  capacity  of  about  700  gallons,  which  is  a  two  hours*  supply 
he  continuously  working  tanks  and  filters. 

liters  Xos.  1  and  2  are  sand  fdters.  Tank  No.  1  is  a  cypress  tank 
'  6  feet  in  area  and  3  feet  deep.  It  contains  2  feet  of  common 
;ial  drift  sand  with  an  efl'ective  size  of  0.17  mm.  and  a  uniform- 
roefficient  of  3.5.  This  la^^er  of  sand  rests  on  6  inches  of  under- 
n  material  graded  from  4-inch  cobbles  at  the  bottom  to  buck- 
at  gravel  just  beneath  the  sand.  The  outlet  of  the  filter  is  a 
^h  iron  pipe  open  at  all  times  and  not  trapped.  Filter  No.  2  is 
filter  No.  1  in  all  respects,  except  that  it  contains  a  layer  of 
I  but  1  foot  thick  over  the  underdrain  material.  The  two  tanks 
built  together,  as  shown  in  fig.  13. 
tie  six  septic  tanks,  numbered  5  to  10,  are  also  built  in  pairs 

are  of  the  same  dimensions  as  the  sand-filter  tanks,  namely, 
'  6  feet  and  3  feet  deep.     Tanks  Nos.  7  and  9  are  uncovered. 

other  four  are  covered  as  tightly  as  possible  with  wooden  cov- 

These  covers  are  not  absolutely  gas  tight.  Tank  No.  6  is 
I  with  crushed  stone  about  IJ  inches  in  diameter.  All  the 
s  and  filters  on  this  floor,  except  No.  10,  drain  into  small  catch 
is  connected  wnth  the  main  drainpipe  underneath  the  floor, 
arrangement  is  shown  in  fig.  14.  Each  drainpipe  may  be 
id  off  from  the  main  drain  by  a  cock  just  above  the  latter  and 
tank  eflfluent  diverted  to  the  filters  below.  Tank  No.  10  drains 
jtly  into  the  small  tank  D,  which  is  2  by  G  feet  and  2  feet  deep. 

is  used  to  flood  a  contact  filter  below. 

Iter  tanks  Nos.  11  to  16  are  all  cypress  tanks  4  feet  square  and 
;t  deep,  built  together  in  pairs.  Tanks  Nos.  17  to  20  are  of  the 
e  area,  but  only  4  feet  deep.  The  i)air  Nos.  19  and  20  are  at  a 
er  elevation,  so  that  their  effluents  can  flow  to  the  other  pair, 
.  17  and  18,  respectively. 

ank  No.  15  is  a  trickling  filter,  receiving  the  septic  sewage  from 
:No.  5.  Tanks  Nos.  11  to  14  and  Nos.  16  to  20  are  contact  filters, 
k  No.  11  is  filled  with  coke  2  to  3  inches  in  size;  tanks  Nos.  12, 
19,  and  20  with  crushed  stone  1  inch  lo  \\  \\iv:\\^  \\\  ^yl^,  ^\A 


104 


THE   P0BIFICATION    OF   BOSTON   SEWAQE. 


tanks  Nos.    13,  16,  17,  and    18   with  one-fourth  to  one-half  inch 
crushed  stone.     Tanks  Nos.  17  and  19  constitute  one  double-contact 


sjstem  and  Nos.  18  and  20  another.     Tank  No.  14  is  the  only  o 
which  has  been  altered  during  lYie  ex^ekTvisveiW^a.    T^xxfvsy^  \3afe  ^ 
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Jar  it  was  filled  ¥dth  crushed  stone  between  one-half  and  1  inch  in 
ameter.  In  June,  1904,  it  was  emptied  and  filled  with  Raritan 
cing  brick,  IJ  by  4  by  12  inches,  so  laid  in  even  tiers  as  to  give 
e  maximum  of  open  space.     Tank  No.  22  is  4  by  4  by  6  feet,  and  No. 

is  4  by  2  by  6  feet,  the  two  tanks  forming  a-pair.  They  are 
ed  with  1  inch  to  1)  inches  crushed  stone  and  are  operated  as 
ckling  filters.  Sand  filters  Nos.  24  and  25  are  exact  counterparts 
filter  No.  1.  The  filters  on  the  lower  floor  all  drain  into  catch 
sins  similar  to  those  on  the  upper  floor  already  described.  These 
ipty  directly  into  a  main  drain  underneath  the  floor.  In  the  case 
filters  Nos.  15  and  22  the  effluent  runs  into  a  barrel  provided 
th  an  overflow.  These  barrels  provide  a  two  hours'  storage  for 
e  effluents,  so  that  the  effect  of  that  period  of  sedimentation  may 

studied.  The  barrel  under  filter  No.  15  is  shown  in  fig.  14. 
ink  M  is  used  as  a  measuring  tank.  It  is  fitted  with  a  float  gage, 
refully  caUbrated,  reading  by  means  of  a  vernier  to  the  nearest 
kUon.  The  principal  statistics  of  the  tanks  and  filters  are  brought 
gether  in  Table  LIV  for  convenience  of  reference. 

Table  UV. — Statigtics  of  experimental  tanks  and  JUters. 


DtmcmijonB 

DeicilplloEi, 

^aterl^L 

StML 

4bylSby3 
4by6by3 
4byeby3 
4by0by3 
4  bye  by  3 
4byeby3 
4by6by3 
4by0by3 
4b7Aby3 
4byaby3 
4  by  4  by  fl 
4  by  4  by  ft 
4  by  4  by  © 

4  by  4  by  d 
4  by  4  by  6 
4  by  4  by  6 
4  by  I  by  4 
4  by  4  by  4 
4  by  4  by  4 
4  by  4  by  4 
4  by  4  by  « 
4  by  2  by  e 
4  by  fj  by  3 
4byfiby3 

lotemiittent  wDd  filter _> 

fi«nd..... 
,„..do..,. 

O.lTiBmiineter. 

.....do.,  _.„,_„. ,.. .„ 

Do, 

SAmpUn*  unlc 

.  ..Jo_,„.. .„ ..„,..: 

SflptlcUnk 

..._do,*,,. ,. „.,. 

8t«ne 

1  ineh  lo  U  liifb«s. 

do 

do 

do., „ 

do.., , 

CoDt«ot  filter.  - ...........  K  .►.-,-.,*.  p 

Coke..,,., 

Stone 

do,     . 

2  to  3  liichea. 

.„..dft,.„ 

1  loch  tn  1^  lEJcheik 

do......       ........  ...... 

i  ifX  J  Inrh. 
J  to  1  tiicb. 

do ..,,.. 

/Stone..... 
iBriok...,, 

Stone 

*do  . 

Trickling  flltOT .,,.„ 

1  liM^h  to  Ik  Int-beit 

ConUctlltef. .....  ....     ...  . 

1  to^Inch. 

do ,, 

do.... 

do 

Do. 

do. 

do 

1  loch  to  1^  Incbcft. 

.....do......... „ 

Trlckiliie  flJWr. , 

„„.do,„,. 
.....do 

Do. 
Do. 

..,„do„.»....      ,.      ,..» *, 

do. 

Dow 

Intermittent  sand  filter , 

Sand..... 
do 

a.  17  mtlilnieter. 

do...... .._      . 

Do, 

According  to  the  plan  of  the  experiments  each  unit  differed  from 
ch  of  several  other  imits  by  only  one  variable  condition.  In  this 
ly  the  results  of  the  whole  series  may  be  studied  together  as  one 
periment,  and  it  is  possible  to  note  the  results  of  changing  any  one 
oiable  condition,  the  others  being  constant.  Among  the  variables 
liich  have  been  studied  in  this  way  are,  first,  of  course,  the  various 
pes  of  purification  processes  and  the  coincident  necessary  variation 
the  rate  of  filtration.  Then  under  each  principal  type  of  process 
fo  or  more  of  the  following  conditions  liave  \>^erL  c.oxo^«cfe^^  'O^^ 
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variables,  as  stated,  being  introduced  one  at  a  time:  DilBferent  kinds 
and  sizes  of  material,  different  depths  of  bed,  single  versus  double 
contact,  fresh  versus  septic  sewage  of  different  ages,  and  open  versus 
closed  se])tic  tanks.  With  the  sand  filters  four  combinations  have 
been  studied,  each  differing  from  each  of  the  others  by  only  one  of 
these  variables;  with  contact  filters,  six  combinations;  with  trickling 
filters,  three;  and  with  septic  tanks,  three,  which,  together  with  one 
primary  comparison  of  the  main  types,  makes  a  total  of  seventeen 
combinations  of  the  variables  mentioned. 

On  the  sand  filters  Nos.  1  and  2  the  volume  of  S3wage  applied  has 
been  measured  by  a  float  in  the  supply  tank  over  the  filter.  The 
pump  was  stopped  while  these  filters  were  receiving  their  doses. 
Sand  filters  Nos.  24  and  25  were  dosed  from  the  barrels  shown  in  fig. 
12.  These  barrels  contain  the  exact  amount  of  one  dose.  Sewage 
was  distributed  over  the  surface  of  the  sand  filters  by  means  of  small 
wooden  trouglis  with  side  openings  at  intervals.  Application  of  sew- 
age to  the  contact  filters  was  made  by  means  of  a  single  half -inch  pipe 
discharging  horizontally  over  the  filter.  The  filling  was  in  all  cases 
continuous,  about  half  an  hour  being  allowed  for  the  process.  The 
amount  of  sewage  applied  to  Jlhe  contact  filter  is  of  course  its  own 
liquid  cai)acity  multiplied  by  the  number  of  doses  applied  daily.  To 
obtain  this  value  and  also  to  study  the  progressive  loss  of  capacity  of 
contact  filters  under  various  conditions  very  careful  measurements  of 
the  capacity  of  all  the  filters  have  been  made  at  weekly  intervak 
For  this  purpose  the  measuring  tank  M  was  used.  Connection  with 
the  filter  outlet  was  made  by  means  of  a  rubber  hose,  and  the  total 
effluent  of  the  filter  was  run  into  the  measuring  tank  after  the  height 
of  sewage  witliin  the  filter  had  been  noted. 

The  trickling  filters  were  dosed  by  means  of  tipping  buckets,  long 
V-shaped  trouglis  divided  by  a  longitudinal  partition  into  two  equal 
parts.     As  one  side  fills  the  weight  of  sewage  overbalances  the  systetft 
and  the  bucket  tips,  emptying  the  full  side  and  bringing  up  the  otb^^ 
side  so  that  it  receives  the  flow  and  tips  in  its  turn.     In  this  way  tt^^ 
sewage  is  splashed  in  successive  doses  over  the  two  halves  of  t  J^ 
filter  alternately. 

By  connecting  an  ordinary  cyclometer  to  this  tipping  bucket  it  h  -^ 
been  possible  to  record  the  number  of  tips  and  indirectly  the  tot 
flow.  The  apparatus  was  originally  rated,  and  occasionally  checked 
by  allowing  the  effluent  to  flow  into  the  measuring  tank  for  a  period 
and  comparing  the  readings  of  the  cyclometer  with  those  of  the  flo^ 
gage. 

The  closed  septic  tanks  were  regulated  at  their  outlets,  free  con# 
munication  being  allowed  with  the  supply  tanks  overhead.  Th- 
open  tanks  were  maintained  at  a  constant  level  by  overflow  pipe*^ 
and  were  regulated  at  the  iiv&ow  pipe.     .^^Sl  \jDies>e  t^jaka  were  unde  ^ 


ANTALYTIOAL   METHODS   AKD   RESULTS.  107 

'fci^c  constant  observation  of  an  attendant  both  day  and  night,  and 
*fcli.«  rat«s  of  flow  were  determined  at  freciiient  intervals  by  filUncr  a 
lO-quart  pail. 

In  sampling,  a  representative  sample  of  the  crude  sewage  was 
obtained  by  allowing  a  portion  of  the  regular  pumpage  to  flow  slowly 
into  a  tank  of  540  gallons  capacity,  filling  the  tank  in  about  three  hours 
dviring  each  morning.  The  sewage  in  the  tank  was  then  thoroughly 
mixed  and  sampled.  Trickling  effluents  and  sand-filter  effluents  were 
collected  whenever  running.  Contact-filter  eflfluents  were  collected 
at  about  the  middle  of  the  discharge.  Analyses  of  each  effluent  were 
made  weekly  and  of  the  sewage  five  times  a  week. 

ANALYTICAL   METHODS    AND    INTERPRKTATIOX    OF    RESITI.TS. 

In  the  comparison  of  two  sewages  from  different  localities  the  term 
**  strength"  is  often  used  in  such  a  loose  way  that  its  significance  is 
more  or  less  obscure.  Strictly  the  strength  of  a  sewage  is  measured 
by  the  amount  of  certain  elementary  constituents  which  it  contains, 
as,  for  example,  the  amount  of  nitrogen  present.  Only  on  such  a 
basis  can  any  fair  comparison  of  sewages  be  made.  The  use  in  this 
connection  of  constituents  so  partial  and  changeable  as  the  free  or 
^buminoid  ammonia  or  the  oxygen  consumed  is  misleading.  These 
Constituents  are  in  a  state  of  constant  change  in  any  given  sewage, 
*nd  hence  can  not  satisfactorily  determine  its  real  strength.  Tliis 
point  is  well  illustrated  by  the  analyses  in  Table  LV,  taken  from  the 
Imports  of  the  Massachusetts  State  board  of  health  for  1903  (Clark, 
1904).  The  first  line  represents  a  nine  montks'  average  of  weekly 
analyses  of  the  Lawrence  street  sewage  taken  directly  from  the 
sewer — a  fresh  sewage.  The  second  line  represents  analyses  of  the 
same  sewage  for  the  same  period  after  it  had  been  pumped  through 
about  half  a  mile  of  pipe  and  subjected  to  sedimentation  and  septic 
action. 

Tablb  LV. — CompariHon  of  fresh  seuxuje.  at  Laurence,  irith  the  name  aewatje  after  pasffing 
through  long  jnpe,  April  to  December,  190J  {Mansacltu. setts,  /.W^)*. 

[ParlH  i»pr  mill  ion,] 

Nitrop'ii  «s— 


h^ymoce  street  sewage. 
**«^Monaewsge 


Fri'«'iiiii-   ;Albuiniiioid 
nionii).        ainmoniii. 


31) 


Total 
organic. 


23.4 
13.3 


The  increase  in  the  free  ammonia  and  the  decrease  in  the  total 
^t^ganic  nitrogen  are  characteristic  of  what  occurs  in  stored  sewage. 
^Xich  partial  values  as  are  given  by  determinations  of  albuminoid 
^^monia  and  oxj'gen  consumed  do  not,  therefore,  atav\d  uv  i\.wY  ^^y^- 
^t^D^  relation  to  the  total  figures — ^for  organic  nitto^cvi  «u\A  ^^-^^^^ 


108  THE   PURIFICATION   0¥   BOSTON   SEWAGE. 

respectively — and  hence  in  different  sewages  give  different  propor- 
tions of  the  whole. 

Total  nitrogen  and  total  carbon  values  are,  then,  to  be  desired  in 
the  study  of  sewage  purification.  The  latter  are  out  of  the  questi<m, 
since  there  is  no  available  method  for  this  determination  sufficientlj 
simple  for  routine  use.  Total  nitrogen  values  have  also  been  geni- 
ally ignored  until  very  recently,  and  these  experiments  were  nearly 
half  completed  before  their  paramount  importance  became  evident 
Throughout  the  present  series  of  studies,  therefore,  the  old  determi- 
nations of  free  and  albuminoid  ammonia  and  oxygen  consumed  have 
been  maintained.  These  must  be  taken  for  what  they  may  be  worth 
as  roughly  representative  of  the  total  organic  matter. 

In  this  coimection  it  is  useful  to  remember  that  both  the  free  and 
the  albuminoid  ammonia  in  sewage  increase  with  €ige,  and  that  the 
ratio  of  albuminoid  ammonia  to  organic  nitrogen  increases  at  a  corre- 
sponding rate.  In  a  fresh  sewage  the  albuminoid  ammonia  is  roughly 
one-third  the  free  and  the  organic  nitrogen  generally  over  three  times 
the  albuminoid.  As  the  albuminoid-free  ratio  decreases  the  oipmi?-  . 
albuminoid  ratio  decreases  at  almost  the  same  rat«,  and  Fuller  (1903) 
has  found  that  the  former  ratio  is  roughly  about  one-twelfth  the  lal- 
ter;  put  into  algebraic  form  this  becomes — 

12  X  albuminoid  nitrogen  ^    organic  nitrogen 
ammoniacal  nitrogen        albuminoid  nitrogen 
whence 

organic  nitrogen  =  12  X  (#"-"^'}^d  nitrogen)' 

ammomacal  mtrogen 

This  formula  is  only  roughly  approximate,  but  is  perhaps  the  best  con- 
version formula  3^et  devised. 

The  commonest  method  of  measuring  the  work  of  a  filter  is  by  the 
percentage  of  purification  obtained  when  the  amount  of  some  one  of 
its  constituents  is  compared  in  the  crude  sewage  and  the  effluent. 
Dunbar  and  Thumm  (1902)  have  attempted  to  justify  this  practice 
on  theoretical  grounds,  claiming  that  percentage  of  purification,  fig- 
ured on  oxygen  consumed,  runs  parallel  with  keeping  properties,  irre- 
spective of  the  original  strength  of  the  sewage.     It  may  be  assumed 
that  some  such  general  relation  exists  and  that  for  a  given  process  of 
purification  on  a  given  sewage  it  might  be  found  with  some  degree  of 
accuracy,  but  that  the  result  is  of  general  application  to  filters  of  all 
types  and  sewages  of  all  kinds  seems,  in  the  absence  of  further  evi- 
dence, improbable.     Kven  though  it  may  be  true  that  a  certain  type 
of  filter  would  produce  a  stable  eflfluent   by  oxidizing  one-half  its 
organic  matter,  it   does  not  necessarily  follow  that  another  type, 
working  through  characteristic  and  entirely  different  reactions,  would 
produce  the  same  reauVl  by  tk'^  a«k.me  percentage  of   oxidation.    The 
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UKOunt  of  available  oxygen  in  an  effluent  is  also  of  importance  in  rela- 
tion to  its  stability,  and  of  two  effluents  showing  exactly  the  same  per- 
•ceatage  of  purification,  one  might  be  quite  stable  by  virtue  of  its 
li^nitrate  and  oxygen  content  and  the  other  putrefactive  owing  to 
the  absence  of  these  substances.  Such  a  difference  is  observed  between 
effluents  from  a  contact  and  a  trickling  filter.  A  contact  filter  run- 
ning in  a  typical  manner  has  already  carried  out  during  its  cycle  those 
secondary  reactions  by  which  oxygen  and  nitrates  are  used  up  for  the 
<ixidation  of  organic  matter.  Such  an  effluent  is  practically  free  from 
Weerve  oxygen  and  must  for  stabiUty  be  purified  to  a  much  greater 
legree  than  would  be  the  case  with  that  from  a  trickling  fflter  in 
vliich,  by  virtue  of  a  reserve  of  oxygen,  the  oxidation  may  proceed 
ifter  discharge. 

The  character  of  an  effluent,  with  respect  to  its  stable  or  putrescible 
haracter,  is  the  thing  of  paramount  importance.  The  effluent  from 
.  good  sand  filter  will  show  so  little  organic  matter  and  so  high  a 
litrate  value  that  there  can  scarcely  be  a  moment's  question  about 
be  quality  after  an  inspection  of  the  general  analytical  results.  With 
he  newer  rapid  processes  of  sewage  treatment,  however,  effluents  of 
uch  high  purity  are  rarely  obtained.  In  practice  it  is  generally  the 
im  to  produce,  not  the  best  effluent  possible,  but  merely  one  which 
«n  be  discharged,  under  existing  conditions,  without  creating  a  nui- 
cmce.  Such  a  requirement  may  be  fulfilled  by  an  effluent  contain- 
ing considerable  amounts  of  organic  matter  if  two  conditions  be 
►Tesent:  (1)  A  sufficient  amount  of  reserve  oxygen  in  the  effluent  to 
tnite  with  all  readily  oxidizable  organic  matter  and  thus  prevent 
lie  development  of  anaerobic  conditions;  and  (2)  a  stabiUty  of  the 
^iganic  matter  by  virtue  of  which  it  does  not  readily  undergo  putre- 
mctive  decomposition.  A  measure  of  this  quality  of  stabiUty  is  the 
essential  in  judging  of  an  effluent. 

Endeavors  have  been  made  to  develop  a  relation  between  the  ordi- 
nary analytical  data  and  the  keeping  qualities  of  an  effluent.  It 
aiust  be  confessed,  however,  that  the  determination  of  the  oxygen 
^nsumed  and  of  the  various  forms  of  nitrogen,  while  serving  to 
dentify  undoubtedly  good  or  bad  effluents,  fails  to  discriminate 
jetween  a  partially  purified  effluent  which  is  perfectly  stable  and  a 
dmilar  one  which  is  not.  It  is  therefore  necessary  to  fall  back  on  a 
)ractical  test  of  keeping  quaUty  as  furnished  by  the  incubator  test, 
[n  this  test,  devised  by  Scudder  (R.  S.  C,  1902  a)  and  since  modified 
)y  others,  the  sample  is  bottled  up  and  kept  in  the  incubator  at  a 
Krarm  sununer  temperature  from  three  to  five  days.  If  at  the  end 
)f  that  time  it  is  stiU  sweet  and  does  not  consume  much  more  oxygen 
rom  permanganate  than  it  did  initiaUy,  it  is  pronounced  a  stable 
)flluent. 
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In  the  tests  at  this  station  a  modification  of  Scudder's  method  ks 
been  used.  The  sample,  as  in  Scudder's  work,  was  stored  for  five 
days  at  37°  and  the  oxygen  consumed  from  permanganate  was  deter- 
mined in  the  cold.  In  the  Boston  sewage  and  effluents,  howeTer^ 
there  are  considerable  amounts  of  readily  oxidizable  nonorganic 
materials,  chiefly  hydrogen  sulphide.  In  order  to  exclude  these 
substances  the  oxygen-consimied  value  was  determined  twice,  once 
immediately  on  the  addition  of  the  permanganate  and  again  after 
three  minutes.  The  difference  between  the  two  results  represents 
the  true  oxygen-consumed  value.  This  method  was  suggested  by 
Messrs.  Johnson  and  Kimberly,  of  the  Columbus  experiment  station. 

The  determination  of  total  and  suspended  solids,  which  should 
form  an  integral  part  of  every  sewage  analysis,  w^as  made  for  a  con- 
siderable period.  Unfortunately  the  enormously  high  chlorides  in 
the  Boston  sewage,  due  to  sea  water,  entirely  masked  the  suspended 
solids  when  the  determination  was  made  in  the  ordinary  way,  and 
the  direct  determination  of  suspended  solids  by  the  Gooch  crucible 
method  w  as  begun  too  late  to  get  a  large  series  of  results.  In  the 
present  paper,  therefore,  it  is  possible  to  report  only,  as  an  indirect 
measure  of  suspended  solids,  turbidity  readings  made  with  the  Jack- 
son turbidimeter  (Jackson  and  Whipple,  1901),  recalibrated  for 
coarse  material  as  described  by  Phelps  (1905  a). 

The  determinations  actually  carried  out  on  each  sample  in  these 
experiments  were  as  follows :  Free  and  albuminoid  ammonia,  nitrates 
and  nitrites,  oxygen  consumed  and  oxygen  dissolved,  turbidity, 
and  odor.  The  albuminoid-ammonia  and  oxygen-consumed  deter- 
minations were  made  on  both  the  filtered  and  unfiltered  samples. 
In  addition  to  these  regular  determinations,  an  average  sample  was 
collected  during  the  week,  by  adding  each  day  to  a  bottle  a  definite 
amount  of  sewage  sterilized  with  chloroform.  On  this  average 
sample  weekly  determinations  were  made  of  chlorides,  sulphates, 
iron,  and  alkalinity. 

Analyses  were  made  according  to  the  methods  generally  employed 
in  tliis  part  of  the  country,  as  described  by  Richards  and  Woodman 
(1904).  Permanent  standards  have  been  used  for  the  ammonia 
readings,  as  suggested  by  Jackson  (1900).  For  the  nitrite  standards 
the  Jackson  permanent  standards  w^ere  used  during  a  portion  of  the 
time,  but  it  was  soon  found  that  a  dilute  solution  of  fuchsine,  made 
up  to  match  the  desired  mtrite  reading  by  eye,  gave  a  perfect  stand- 
ard as  far  as  shade  was  concerned  and  was  sufficiently  perman^^* 
for  all  purposes.  This  is  essentially  the  method  since  described  ^5 
Weston  (1905).  Nitrates  were  determined  by  the  Brucine  metb^ 
of  Noll  (1901);  as  described  by  Famsteiner  and  his  associates  (1902 
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•*or  the  oxygen-consumed  determination  the  Kiibel  method  was 
ised,  boiling  for  two  minutes.  In  future  work  it  is  the  intention  to 
ollow  throughout  the  procedure  outHned  by  the  committer  on 
t^ndard  methods  of  the  American  Public  Health  Association. 

In  tabulating  the  results  of  these  experiments  all  ammonia,  nitrite, 
nd  nitrate  values  are  reported  in  terms  of  nitrogen,  and  all  chemical 
esults  are  expressed  in  parts  per  million.  The  dissolved  oxygen  is 
eported  in  this  way  rather  than  in  the  conventional  form  of  per  cent 
►f  saturation,  since,  while  the  latter  method  of  expression  may  have 
Lad  some  significance  in  the  study  of  surface  waters,  it  has  no  value 
irhatever  in  connection  with  sewage  or  filtration  work  in  general. 
)wing  to  a  change  in  the  temperature  of  the  water  during  treatment 
-he  results  expressed  in  per  cent  of  saturation  may  show  an  increase 
n  the  amount  of  oxygen,  while  in  reality  there  is  a  marked  decrease. 

CHARACTER   OF  THE    CRUDE    SEWAGE. 

During  the  two  years  of  the  operation  of  the  sanitary  research 
laboratory  almost  daily  analyses  of  the  crude  sewage  have  been 
made.  The  sewage  analyzed,  as  already  explained,  is  a  sample  of  the 
flow  from  9  to  12  a.  m.  which  has  passed  through  the  screen  and  grit 
chamber,  drawn  directly  from  the  supply  tank  without  any  further 
chance  for  sedimentation  or  straining.  The  amount  and  character  of 
the  material  previously  removed  from  the  grit  chamber  and  supply 
tank  are  discussed  on  pages  115-1 16.  Table  LVI  (p.  1 1 4)  gives  quar- 
terly averages  of  the  samples,  taken,  as  a  rule,  on  five  days  of  each 
w^eek.  Yearly  averages  are  also  shown,  the  year  being  taken  for  con- 
venience from  June  to  June.  Detailed  studies  of  hourly  and  sea- 
sonal variations  in  the  composition  of  the  sewage  have  been  previously 
reported  (Winslow  and  Phelps,  1905). 

The  organic  constituents  of  Boston  sewage  appear  to  be  fairly  nor- 
mal in  relation  to  one  another.  As  stated  above,  regular  determina- 
tions of  the  organic  nitrogen  were  not  made,  but  from  the  results  of 
about  fifty  such  determinations  made  at  various  times  in  the  course  of 
experimental  work  it  may  be  stated  that  the  average  organic -nitrogen 
figure  for  the  whole  period  would  be  about  20  parts  per  million.  In 
this  respect  the  sewage  appears  to  be  of  about  the  same  strength  as  the 
average  sewage  of  Massachusetts  cities,  being  slightly  weaker  than  the 
sewages  of  Lawrence  and  Gardner  (new  system)  and  somewhat 
stronger  than  those  of  f  ramingham,  Worcester,  and  Brockton. 

The  inorganic  analyses  of  mixed  weekly  samples  covering  the  calen- 
dar year  1904  showed  an  average  of  2,300  parts  per  million  of  chlorine, 
15  parts  of  iron,  125  parts  of  alkalinity,  as  calcium  carbonate,  and  220 
parts  of  SO3  as  sulphates.     The  liigh  clilorine  and  sulphate  values  are 
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due  to  the  large  amount  of  sea  water  present  in  the  sewage  of  Boston. 
If  the  chlorine  normal  to  the  sewage  itself  is  assumed  to  be  equal  to  the 
total  nitrogen,  as  is  commonly  the  case,  a  simple  calculation  shows 
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Fio.  15.— Composition  of  tho  cnido  sewage  of  Boston. 

that  the  amount  of  chlorine  present  represents  a  volume  of  sea  w^ 
equal  to  11  per  cent  of  the  total  volume  of  the  sewage.  This,  h^ 
ever,  is  only  an  average  value  for  the  period.  During  each  tw^^ 
/lours  the  chlprine  r^a^hes  a  m^mum  figure  of  from  3^000  to  4,^ 
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*s  per  million,  representing  19  per  cent  of  sea  water,  while  between 
e  maxima  there  are  minimum  points  of  about  200  parts  per  mil- 
,  representing  only  1  per  cent  of  sea  water.     It  may  be  an  impor- 

question  in  any  project  for  the  purification  of  Boston's  sewage 
ther  the  extra  cost  of  pumping  and  of  treating  this  sea  water 
at  not  be  greater  than  the  cost  of  keeping  it  out  of  the  sewers, 
the  other  hand,  there  is  the  possibility  that  this  large  amount  of 
water,  saturated  as  it  is  with  oxygen,  may  be  of  actual  advantage 
ay  aerobic  process  of  treatment. 
Ith  regard  to  the  variations  in  strength  at  different  periods,  the 

point  of  importance  to  be  noticed  is  the  slight  falling  off  in  the 
agth  of  the  sewage  during  the  second  year  as  compared  with  the 
.  This  effect  may  probably  be  attributed  to  the  fact  previously 
tioned  (p.  98)  that  on  October  14,  1904,  the  sewage  of  the  upper 

of  the  drainage  system  was  diverted  to  the  new  high-level  sewer, 
h  of  this  upper  drainage  area  is  sewered  on  the  separate  system, 
ground  water  is  in  the  main  excluded.  Furthermore,  even  with 
combined  system,  the  relative  amounts  of  rain  water  entering  the 
3r  is  much  greater  in  the  city  of  Boston,  with  its  great  area  of 
ed  streets,  than  in  smaller  places  with  more  open  spaces  and 
Her  relative  amounts  of  pavement.  It  might  also  be  possible, 
I  the  increasing  per  capita  water  consumption  noticed  in  all  cities 
1  year  to  year  and  amounting  in  the  metropolitan  water  district  to 
3  per  cent  per  annum,  that  there  would  be  a  resulting  decrease  in 
strength  of  the  sewage.  On  the  other  hand,  the  low  rainfall  dur- 
1905  must  have  operated  in  an  opposite  direction. 
he  quarterly  variations  in  the  strength  of  the  sewage  are  consid- 
>le,  and,  as  is  shown  on  pages  122-123,  markedly  influence  the  efl3u- 
I  of  the  various  purifying  processes.  The  controlling  cause  in 
le  seasonal  variations  is  the  rainfall.  The  first  effect  of  a  shower 
►  increase  the  oxygen  consumed  by  the  introduction  of  street  wash- 
I.  A  long  period  of  rain,  however,  has  the  opposite  result.  The 
eral  rule,  as  has  been  stated  elsewhere  (Winslow  and  Phelps, 
5),  is  that  sewage  is  weakest  in  spring  and  summer.  The  precipi- 
onwas  unusually  low  in  the  summer  of  1904  and  the  spring  of 
)5,  and  therefore  the  seasonal  relations  for  the  second  year  are 
lewhat  abnormal. 

IBB  18^-Oa 8 
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Table  LVI. — Composition  of  Boston  sewage  {qtuirterly  averages),  190S-1905. 


Date. 


June  to  August,  1903 2r 

Septeml>cr  to  November,  1903 . .  42 

December,  1903,  to  February,  10 

1004.  I 

March  to  May,  1904 32 

June  to  August,  1904 47 

September  to  November,  1904 . .  33 

Deceml>cr,  1904,  to  February,  |  44 

1905.  I 

March  to  May,  1905 35 

June,  1903,  to  June,  1904 o 102 

June,  1904,  to  June,  1905 o ir,3 

June,  1903,  to  June,  1905  a 255 


1 

fa 

1 

c 

i !  ^ 

'A 

ill 

Analyses  (parts  per  million). 


Nitrogen  as— 


Albuminoid 
ammonia. 


III 


330  I 
300  ' 

300  I 

300  I 

"365"  I 
305  ' 


6.2  I 
6.6 

5.4  I 
6.7 

5.6  I 

6.3  ' 

5.7  j 
5.9  ' 


3.4 
3.1 
3.6 

2.7 
3 

2.6 
3.1 

3.1 
3.1 
3 
3 


€     I 
B 


Oxygen 
coDsumnl. 


To-  iSolu- 
tal.     ble. 


15. 
7  21 
K  18. 
9     14 

I 

5  ,  17. 
2  19. 
7  17. 
9  ;  18. 


7    0. 
J         41 

3  1     .14 

'     .16 

.22 

.10 


0.1 

0 

0 


.08 
.27 
.14 
.19  1 


46 

48.7  I 
49.6 

38.7  ! 
41.9  ' 
40.2 
i  38.6 

47.4 
45.2 
41.5 
43.1 


2.4 
4.2 


22.5  2.3 

23.7  .3 
22.2      .9 

25.7'  4.2 

27.3;  3.6 

22.5  I  2.8 

24.6  2.2 
23.8'  2 


a  Yearly  and  biyearly  averages  given  in  this  and  subsequent  tables  are  obtained  by  averaging  the 
daily  results  and  are  therefore  not  averages  of  the  quarterly  figures  given. 

REMOVAL  OF  SUSPENDED  MATTER. 

In  any  discussion  of  the  solids  in  sewage  it  is  necessary  to  distinguish 
clearly  between  three  classes  of  suspended  matter.  In  the  first  place, 
there  are  generally  present  large  floating  objects,  such  as  rags,  paper, 
sticks,  and  other  gross  debris.  Before  pumping  sewage  it  is  custom- 
ary to  pass  it  through  screens  for  the  separation  of  such  material, 
which  may  therefore  be  denoted  as  screenings.  Another  class  of 
matter,  present  especially  in  sewage  which  includes  street  washings, 
consists  of  sand  and  other  heavy  mineral  particles,  sharply  distin- 
guished from  the  ordinary  sewage  sludge  by  the  rapidity  with  which 
they  settle  out  when  the  sewage  is  brought  either  to  complete  rest  or 
to  a  low  velocity  of  flow.  Chambers  or  tanks  for  the  removal  of  such 
material  are  commonly  called  grit  chambers  or  detritus  tanks,  and  the 
material  may  be  conveniently  spoken  of  as  detritus.  After  the 
removal  of  the  screenings  and  the  detritus  there  remains  in  suspension 
the  sewage  sludge  proper,  composed  of  finely  divided  matter  largely 
organic  in  nature  which  settles  out  only  at  a  low  velocity,  and  then 
but  slowly. 

As  a  rule  it  is  found  desirable  to  screen  sewage  w^hich  is  to  be 
pumped  and  to  settle  sewage  which  has  to  pass  through  an  inverted 
siphon,  as  is  the  case  with  that  of  the  south  metropolitan  district. 
Where  any  purification  is  to  be  carried  out  both  these  preliminary 
treatments  are  generally  advisable.  The  amount  of  solid  material 
removed  is  often  considerable.  At  Manchester,  England,  during  1904, 
the  amount  of  combined  screenings  and  detritus  amounted  to  about 
4,000  tons  from  a  total  of  13  billion  ^^allons  of  sewage,  or  about  7,000 
pounds  per  million  gallons  (,Maivc\vesWY,  YSi^At'^.    KX  ^o^^Vo^  4\irin4 
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903  about  10,000  cubic  yards  of  detritus  were  removed  from  thtf  set- 
ling  chamber  at  the  Dorchester  pumping  station  from  a  total  volume 
f  sewage  of  32  billion  gallons,  an  average  of  about  0.31  cubic  yard 
►er  million  gallons.  The  composition  of  this  detritus  is  not  known, 
'Ut  a  fair  estimate  would  be  60  per  cent  of  water  and  a  solid  content 
f  1}  tons  per  yard,  making  900  pounds  per  million  gallons  of  sewage 
Boston,  1904).  The  amount  of  screenings  removed  during  1897  was 
?corded  and  found  to  be  about  1 ,000  cubic  yards,  or,  roughly,  500  tons, 
Q  average  of  300  pounds  per  million  gallons  of  sewage  (Boston,  1898). 

In  the  experiments  at  this  station,  as  noted  above,  screenings  and 
etritus  were  taken  out  by  a  grit  chamber  and  to  a  slight  extent  by 
ipply  tank  A.  During  the  actual  time  of  pumping  the  pump  dis- 
larges  on  an  average  about  1 ,000  gallons  per  hour,  which  produces  a 
elocity  of  1.1  feet  per  second  in  the  2i-inch  suction  pipe.  The 
elocity  is  checked  in  the  grit  chamber,  being  reduced  to  an  average 
F  0.04  foot  per  second,  and  the  time  occupied  in  passing  the  grit 
hamber  is  about  forty-five  seconds.  Since  March,  1904,  when  the 
rit  chamber  was  installed,  a  careful  record  of  the  amount  of  sediment 
enioved  has  been  kept,  the  whole  amoimt  carefully  sampled,  and  an 
liquot  portion  preserved  for  analysis.  A  small  amount  of  material 
emoved  from  supply  tank  A  has  also  been  weighed  and  sampled  and 
oixed  with  the  grit  chamber  material  in  proportionate  parts. 

The  amount  of  detritus  removed  by  the  grit  chamber  amounted  in 
lixte^n  months  to  4,800  pounds,  or  2.4  cubic  yards,  of  wet  material 
Torn  a  total  volume  of  sewage  equal  to  a  little  over  3  million  gallons — 
,600  pounds,  or  0.65  cubic  yard  per  million  gallons.  All  the  material 
-bus  removed  was  carefully  sampled  and  its  moisture  determined.  A 
)ortion  of  each  dried  sample  was  preserved  and  mixed  with  propor- 
ionate  parts  of  later  samples,  and  the  mixture  was  finally  analyzed, 
i.  certain  portion  of  each  sample,  consisting  largely  of  clean  stone, 
^as  not  included  in  the  analysis.  The  amount  of  moisture,  the  pro- 
portions of  clean  stone  and  of  drj'^  detritus,  and  the  analysis  of  the 
Atter  are  shown  in  Table  LVII,  first  in  total  amounts  and  then  in 
[>artsper  million  of  the  total  volume  of  sewage  (3  million  gallons). 

Table  LVII. — AnumrU  and  composition  ofd-eiriius  remmyd  from  grit  chamber  from  March 
^6,  1904,  to  June  i,  m)6. 


lotalnounds 

'^"mras  per  million  gallons  of 

p'^age 

'^•ts  per  million  parts  of  sow- 


Fine,  dry  detritus.. 


"Si'tut^  !  Water.  '    sUmo, 


4,800 
1,600 

190  ' 


4m 

52  I 


570  ' 
190  I 
23  I 


Total. 

2,000 
070 
117 


Ix)as  on 
ignition. 


319 
lOf. 
13 


Organic 
nitrogen 


6.6 


Organic 
carbon 
by  per- 
mangan- 
ate. 


7  13  I  .26  I 


5.1 
1.7 
.2 
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A§  the  analysis  indicates,  this  material  is  not  sludge  in  any  sense  of 
the  word.  It  is  for  the  most  part  clean  sand  mixed  with  a  consider- 
able amount  of  coal  cinders  and  small  bits  of  wood,  cloth,  and  peb- 
bles. During  the  whole  period  it  has  been  spread  upon  the  grounds 
of  the  station  immediately  surrounding  the  laboratory  and  has  given 
no  offense. 

The  figures  show  only  the  total  and  average  amounts  of  detritus 
collected  for  the  whole  period.  No  accurate  data  are  at  hand  to  show 
the  effect  of  the  seasons  on  the  amount  of  detritus  deposited  It 
may  be  judged  by  the  frequency  with  which  it  was  necessary  to  clean 
out  the  chamber  that  the  maximum  deposits  occurred  during  the 
early  spring  thaws.  The  Boston  city  records,  already  referred  to, 
show  that  at  Moon  Island  there  is  a  maximum  of  deposit  in  March 
and  a  second  maximum  during  the  summer  months.  Local  condi- 
tions of  rainfall  evidently  largely  determine  the  amount  of  detritus 
sent  into  the  sewer,  but  tnonthly  variations  from  the  mean  yearly 
deposit  are  not  as  a  rule  greater  than  25  per  cent  of  that  value.  In  the 
spring  of  1904  a  large  amount  of  snow  was  thawed  by  the  warm  rains 
and  during  ten  days  1 ,600  pounds  of  detritus  were  taken  from  the 
detritus  chamber  and  from  storage  tank  A,  into  which  some  excess  of 
detritus  had  been  carried  over;  this  was  about  one-third  of  the  tot^l 
amount  removed  during  the  fifteen  months  of  the  experiment.  The 
amount  of  sewage  pumped  during  that  time  was  100,000  gallons,  giv- 
ing an  average  of  16,000  pounds  of  detritus  per  million  gallons  of  sew- 
age. This  may  be  fairly  taken  as  the  maximum  for  a  like  period  of 
time,  although  for  shorter  periods  the  rate  of  deposit  might  be  greater. 

The  line  of  demarcation  between  the  so-called  detritus  and  the 
remaining  suspended  solids,  or  sewage  sludge  proper,  is  rather  sharply 
marked  by  the  rapidity  with  which  the  particles  settle.  One  class  of 
material  will  settle  out  in  a  very  few  minutes  when  the  velocity  is  still 
considerable  and  the  other  will  settle  only  when  the  liquid  is  practi- 
cally at  rest  and  in  the  course  of  hours  rather  than  minutes.  Accord- 
ing to  figures  given  by  Robinson  (1896),  a  velocity  of  0.5  foot  per  sec- 
ond will  not  move  fine  clay  and  0.7  foot  will  just  move  coarse  sand. 
Hence  it  may  be  stated  that  detritus  may  be  removed  from  sewage  at 
any  velocity  less  than  the  former  figure.  On  the  other  hand,  sedimen- 
tation of  the  true  suspended  sludge  necessitates  a  slackening  of  veloc- 
ity to  0.1  foot  per  second  or  less.  In  the  London  settling  basins  veloc- 
ities of  0.07  foot  are  maintained;  at  Manchester,  0.05;  at  Saltley  aD" 
Sutton,  0.03;  and  at  Frankfurt  a.  M.,  0.01  to  0.02.  Steumagel  (1904) 
found  that  velocities  less  than  0.07  foot  permitted  as  complete  sedi* 
mentation  as  was  possible  with  absolute  rest,  but  that  0.13  foot  was 
too  great.  Again,  the  time  required  for  sedimentation  is  considerably 
different  in  these  two  classes  of  material.  Detritus,  being  largely 
sand,  will  settle  out  in  a  very  lew  imxi\i\^^\\>M\.  \Xi<^  T^\£^3bMsi53Lj^  s^^ 
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require  a  much  longer  time  for  sedimentation.  In  some  experiments 
Dn  this  point  in  a  40-cm.  cylinder  the  removal  of  suspended  solids  by 
sedimentation  was  found  to  be  about  25  per  cent  in  five  minutes,  50 
per  cent  in  thirty  minutes,  and  75  per  cent  in  twenty-four  hours. 
Steumagel  studied  the  same  phenomenon  in  a  deeper  layer  (2  meters) 
uid  found  the  removal  of  suspended  organic  matter  to  be  42  per  cent 
n  five  minutes,  61  per  cent  in  twenty-five  minutes,  75  per  cent  in  six 
lours,  and  80  per  cent  in  twenty-four  hours. 

Whether  the  suspended  organic  solids  in  sewage  must  be  removed* 
)y  some  special  process  depends  largely  on  the  general  method  of  puri- 
ication.  With  intermittent  filters,  if  there  be  ample  areas  of  sand 
ivailable,  crude  sewage  may  be  handled  without  preliminary  treat- 
aent,  as  is  the  case  at  most  of  the  Massachusetts  areas.  When,  on  the 
►ther  hand,  suitable  sand  is  diflTicult  to  obtain,  it  may  be  advisable  to 
«move  the  suspended  solids  as  far  as  possible  in  order  to  obtain  more 
apid  rates.  With  the  contact  filter  it  seems  probable  that  some 
nethod  of  sludge  removal  will  be  generally  necessary  in  order  to  main- 
ain  the  capacity  of  the  beds.  With  the  trickling  filter  it  may  often 
36  possible  to  handle  cnide  sewage  without  preliminary  treatment, 
[f  a  clear,  as  well  as  a  nitrified,  effluent  is  desired,  however,  sedimenta- 
tion must  follow  the  oxidizing  process.  Whether  the  removal  of  solids 
should  precede  or  follow  filtration  in  this  case  must  be  determined  by 
experiment. 

If  the  organic  suspended  solids  are  to  be  removed  from  sewage, 
there  is  a  choice  of  three  different  methods — namely,  sedimentation, 
chemical  precipitation,  and  straining.  For  a  comparison  of  the  three 
methods,  experiments  at  Lawrence  furnish  some  useful  data.  Table 
LVIII  has  been  compiled  from  the  annual  reports  of  the  Massachusetts 
State  board  of  health  for  the  years  1893-1903. 

Table  LVIII. — Effect  of  various  processes  of  preliminary  sewage  treatment  at  Lawrence, 
Mass.  {Massachusetts,  WJJf-lOOJi), 

[Parts  per  million.] 


Nitrojren  as- 


Prooess  and  material. 


^predpitatioD: 

Sewage \ 

„  Effluent r 

'vnl-iioftl  strainer: 

feage \ 

p^Effluent I 

SS»ge I 

.Effluent ) 

^VIcUnkA; 

Sewtge \ 

a^Effloent I 

EffluSt;:::;:::::::::::::::::} 


Date. 


Albuminoid  ammonia. 
Total. 


In  solu- 
tion. 


I 


i«».i-i«j7 1  f;  jj , 

'r  -  -  ' 

lorji-nxu '^^ 

Tunr.  lM»4,toSpp-  f  6.4 

tpmhor.  1K9K.        \  3.3  ' 

Hir)l-1«K)3 I  3  3 

JNl».t-J>i**7 \  *|^  , 


In  sus- 
IK»nsion. 


Oxygen 

-       con- 

'  sumed  in 
Free  am- 1    -  "i»»- 
monia.   i  ,  "jes 
boiling. 


2.6 
2 

.3.7 

.8  ; 

29.7 
30.7 

40.3 
20.9 

2.9 
2.1 

2.6 
.9 

42.1 
43. 3 

38.1 
23.6 

2..-> 
2. 3 

3.9 

30.8 
31.8 

38.8 
22.2 

2.9 
2.1 

3.5  ' 
1.2  , 

36.7 

47.7 
29.4 

2.6 
•2.7 

\ 

3.7  ; 

\ 

•29.7 

\ 
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The  samples  of  effluent  from  chemical  precipitation  with  alum 
represent  the  supernatant  liquor  obtained  by  treating  the  sewage 
with  sulphate  of  alumina  at  a  rate  of  1,000  pounds  per  million  gallons 
and  allowing  the  mixture  to  settle  for  four  hours  in  a  barrel.  The 
sedimentation  experiments  were  made  by  settling  the  sewage  for  four 
hours  without  other  treatment.  The  coke  strainer  was  a  layer  of  coke 
breeze  6  to  8  inches  deep  and  was  operated  at  a  rate  of  about  1  million 
gallons  per  acre  per  day.  The  coal  strainer  was  a  12-inch  layer  of 
'''buckwheat'^  coal  and  was  run  at  a  rate  of  approximately  1  million 
gallons  per  acre  per  day.  Some  septic-tank  results  for  1 900-1903  have 
been  included,  the  septic  tank  being  considered  in  this  place  as  a 
variant  of  sedimentation.  The  important  conclusion  from  these 
experiments  is  that  the  results  of  the  various  processes  are  not  very 
dissimilar.  The  small  differences  observed  are  in  favor  of  the  chem- 
ical-precipitation process,  plain  sedimentation  showing  the  poorest 
results. 

Martin  (1905)  has  compiled,  from  the  testimony  given  before  the 
royal  sewage  commission,  figures  from  various  sources  relating  to  the 
removal  of  suspended  solids  by  chemical  precipitation,  septic  tanks, 
and  coarse  filters.  While  the  coarse  filter  is  not  strictly  a  preliminary 
treatment  for  the  removal  of  suspended  solids,  since  it  is  also  a  true 
process  of  purification,  the  comparative  results  obtained  by  these 
three  processes  are  of  interest  in  this  connection.  The  average  sus- 
pended solids  in  effluents  from  chemical  precipitation  plants  are,  at 
Kingston  14  parts  per  million,  at  Chorley  and  Richmond  from  40  to 
70,  and  at  London  112.  Similar  figures  from  septic-tank  installa- 
tions are,  at  Salford  29  to  71.  Manchester  100  to  286,  Leeds  114  to  143, 
Burnley  130,  Oldham  143,  Sheffield  157,  Accrington  178,  and  Bir- 
mingham 244.  The  average  suspended  solids  in  coarse-bed  eflBuents 
are  at  Sheffield  43  to  57,  Sutton  45,  Blackburn  60,  Aylesbury  111,  and 
Leeds  151  to  196. 

In  general  it  is  clear  that  chemical  precipitation  and  straining  will 
produce  effluents  wliich  as  regards  suspended  solids  only  are  somewhat 
superior  to  those  from  either  plam  sedimentation  or  septic  treatment. 
In  the  case  of  precipitation  the  cost  of  the  chemical  treatment  and  the 
necessary  disposal  of  an  increased  volume  of  sludge  must  be  consid- 
ered. In  straining  processes  sludge  is  produced  in  varying  quantity 
according  to  the  conditions  under  which  the  strainer  is  operated.  A 
strainer  run  at  so  low  a  rate  that  anaerobic  processes  are  carried  out 
within  it  is  practically  a  septic  tank  and  can  be  so  operated  that  there 
is  little  accumulation  of  organic  matter.  Such  a  strainer  is  septic 
tank  No.  6  at  tliis  station,  described  on  page  124,  where  it  is  pointed 
out  that  here  the  tank  operates  like  a  simple  septic  tank,  the  stone 
filling  playing  no  important  part.     Again,  with  still  lower  rates  and 
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With  resting  periods,  the  strainer  becomes  practically  an  oxidizing 
filter  and  disposes  of  considerable  sludge  in  much  the  same  way  as  does 
a  contact  bed.  On  the  other  hand,  true  strainers,  run  at  rapid  rates 
vnih.  the  object  simply  to  remove  suspended  solids  without  destroying 
them,  come  in  a  different  class.  Their  surfaces  require  constant  care, 
^hile  not  only  the  accumulated  sludge  itself  but  that  part  of  the  sur- 
face which  is  necessarily  removed  at  the  same  time  must  be  disposed 
cf.  Sedimentation,  although  it  does  not  give  quite  such  perfect 
removal,  is  generally  preferable  to  either  of  these  methods,  since  it 
avoids  the  expense  of  chemicals  and  of  renewing  or  treating  the  sur- 
face of  strainer  beds;  it  will  probably  prove  in  general  the  most  prac- 
tical and  economical  process  of  preliminary  treatment  for  removing 
fine  suspended  material. 

Under  the  term  sedimentation  is  included  septic  treatment,  since 
the  septic  process  is  really  plain  sedimentation  with  the  additional 
anaerobic  fermentation  of  the  sludge  produced.  Such  a  process 
seems  to  combine  the  best  features  of  all  the  preliminary  treatments 
thus  far  proposed,  since  it  effects  an  adequate  removal  of  suspended 
solids  with  no  expense  for  chemicals  and  produces  a  minimum  of 
sludge.  Furthermore,  the  actual  removal  of  suspended  solids  is 
somewhat  greater  with  the  septic  tank  than  with  pi  lin  sedimentation, 
^m  the  solution  of  particles  too  small  to  settle  easily.  The  only  dis- 
advantage in  septic  treatment  is  that  if  it  be  too  prolonged  changes 
ixay  be  set  up  which  make  subsequent  treatment  difficult.  The 
>roblem  is  to  combine  the  maximum  liquefying  action  with  the 
ninimum  production  of  toxic  substances.  If  that  can  be  done,  the 
leptic  tank  offers  in  general  the  best  solution  of  the  problem. 

PRELIMINARY   TREATMENT    IN   THE    SEI'TIC  TANK. 

It  having  been  assumed  that  if  any  preliminary  treatment  were 
Necessary  in  the  purification  of  Boston  sewage  the  septic  tank  would 
Probably  furnish  the  most  available  method,  the  next  problem  was 
'O  determine  the  best  conditions  under  which  a  septic  tank  could  be 
>perated.  In  particular,  it  was  desired  to  compare  the  efficiency  of 
different  periods  of  storage,  the  results  obtained  from  open  and 
-losed  tanks,  and  the  effect  of  filling  a  tank  with  stone  in  order  to 
Jicrease  the  amount  of  surface  action. 

Tanks  Nos.  5,  6,  8,  and  10,  all  closed  tanks,  were  started  in  June, 
1903,  and  open  tanks  Nos.  7  and  9  in  March,  1904.  All  were  oper- 
ated continuously  until  June,  1905.  Tank  Xo.  5  vv^as  operated  for 
the  first  six  months  at  a  forty-eight  hour  rate  and  for  the  remaining 
%hteen  months  at  a  twelve-hour  rate.  Tank  No.  7  had  a  twelve- 
iiour  period,  tanks  Nos.  6,  9,  and  10  a  twenty-four  hour  period,  and 
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tank  No.  8  a  forty-eight  hour  period.     In  each  case  the  Imear  dis- 
tance traveled  was  about  6  feet  and  the  depth  3  feet,  making  the 


om^TCfh^frA^atofft^ 


.  TANK  5 


.TANK    7 


TANK    6         ♦ ^TANK    8 


^'''"'  Si  ^^^^^^S£WA6£ 


TANK    fO 


Fio.  16.— Composition  of  septic  effluents. 

ratio  of  l:d  equal  2:1.     The  importance  of  this  factor  has  recently 
been  pointed  out  by  llazeiv  (^\^0\V    Ttk.wk  No.  6  was  filled  with 
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nch  crushed  stone.  Septic  action  began  in  all  the  tanks  very 
1  after  they  were  started,  the  effluent  being  free  from  gross  tur- 
ty  and  much  darkened.  The  dark  color  and  offensive  odor  of 
^  septic  effluents  are  undoubtedly  due  in  part  to  the  formation 
lulphides  from  the  large  amount  of  sulphates  introduced  with  the 

water.  This  phenomenon  has  been  noticed  by  Clark  in  the 
tment  of  hard  waters  at  Lawrence  (Barbour,  1904).  Hoppe- 
ler  (1886)  believed  the  reaction  to  be  a  direct  reduction  of  cal- 
n  sulphate  by  methane.     It  is  of  some  importance,  aside  from 

foul  odors  produced,  since  it  has  been  foimd  at  Biulon-upon- 
at  that  the  formation  of  H,S  has  a  serious  effect  on  subsequent 
ification  on  land  (Smith,  1901).  Scum  formed  at  first  on  the 
a  tanks,  but  later  disintegrated  and  sank  and  did  not  re-form. 
,he  closed  tanks  a  scum  1  inch  thick  was  foimd  when  they  were 
lly  opened. 

he  most  important  constituents  of  the  effluents  from  the  various 
is  are  plotted  in  fig.  16.     It  will  be  noticed  in  the  first  place  that 

various  effluents  are  much  alike  in  composition.  All  show  a 
3ral  improvement  during  the  course  of  the  two  years,  but  this 
<5COunted  for  rather  by  the  decreasing  strength  of  the  sewage 
a  by  increased  efficiency.  The  septic-effluent  curves  follow  the 
le  sewage  closely  all  through,  rising  in  the  late  autumn  of  1903, 
he  summer  of  1904,  and  in  the  spring  of  1905,  when  the  sewage 
ngthened  with  diminishing  rainfaD.  In  absolute  values,  oxygen 
sumed  shows  a  slight  decrease  in  the  septic  tanks  and  free  ammo- 
a  slight  increase.  No  doubt  the  reduction  in  carbonaceous  mat- 
is  really  considerably  greater  than  it  appears,  since  the  septic 
3mposition  tends  to  break  up  the  more  stable  compounds  and 
eases  that  proportion  of  the  total  carbonaceous  matter  which  is 
3aled  by  the  oxygen-consumed  test.  The  hydrogen  sulphide  also 
trferes  seriously  with  the  value  of  this  test.  The  chief  difference 
i¥een  the  sewage  and  septic  effluents,  aside  from  the  reduction 
urbidity,  appears  in  the  albuminoid  ammonia.     The  nitrogen  in 

form  was  diminished  to  from  two-thirds  to  one-half  its  sewage 
le.     The  diminution  of  dissolved  albuminoid  ammonia  was  slight 

distinct;  while  the  suspended  portion  was  reduced  to  a  little 
r  one-third  its  original  amount.  The  suspended  albuminoid 
nonia  is  plotted  with  the  total  oxygen  consumed  and  free  anuno- 
in  fig.  16. 
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Table  LIX. — Quarterly  averages  of  analyses  of  effliierUfrom  septic  tanks. 

TANK  5.  CLOSKD  TANK;  STORAGE  PERIOD,  TWELVE  HOURS.a 
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Analyses  (parts  per  million). 


Date. 


1903-4. 

June  to  August 

September  to  November. 
December  to  Februarj* . . . 

March  to  May 

Yearly  average 


\9M-ry 


June  to  August 

September  to  November. 
December  to  February. . . 
March  to  May .* 

Yearly  average 

General  average 


Tem- 
pera- 
ture 
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*ty.  -         i    Free 

rn  ./^ii.    In  8US-  ummo-l  Total. 
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Oxygen  con- 
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240  ' 
240  I 


220  ' 
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190 
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200  I 
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3.1 
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3.6 
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2 

2.4 

2.9 
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2.6 
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2.b 
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2.6 
2.7 
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1.6 
.7 
1 

3.2 
1.5 


1.1 

1 
.8 


1.2 
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22.9  I 
25  I 
34.2  I 
19  I 
24.3 


18.7 
19.6  ' 
14.6  I 
19.7 
18.1  I 
20.7 


45.9 
41.3 
36.5 
41.7 


30.1 
42.1 
28.9  < 
33     I 

33.2  1 
36.9 


2B.5 


M.3 
22  9 
SI 
26.9 
35.9 


TANK  6.  CLOSED  SEPTIC  TANK  FILLED  WITH  STONE;  STORAGE  PERIOD,  TWENTY- 
FOUR  HOURS. 


1903-4. 

Juno  to  August 68 

SeptcnilwT  to  NovemlxT 59 

Dt»ceml)4T  to  February 47 

March  to  May * 52 

Yearly  a vortvgi* 58 

1904^5. 

June  to  August 67 

SeptemlxT  to  NovomlKT 59 

Dcct»mlx'r  to  Febniary 44 

March  to  May ." 46 

Yearly  averagi' 54 

General  average 57 


180  I 

180  i 


170 
190  , 
190 
160 
180  > 
180 


3.7 
2.9 
3.6  I 

4.1  I 
3.4 

I 

3.2  I 

3.3  , 
3.9 

3.3  I 

3.4  i 
3.4  ' 


2.6 
2.2 
2.6 
2.9 
2.5 


2.2 
2.5 
3.2 
2.4 
2.6 
2.5 


1.1 

.7 
1 
1.2 

.9 


.8 
.7 


23.5 
26.5  i 

34.2  ' 

16      ■ 

24.3  ' 


42.8; 

50.3  

42.7 

37  26.2 

44.9!      312 


21.9  I 
19.6  I 
15.7 
20.8  I 
19.5 
21.5  , 


32.4 

34 

29.6 

33.3 

32.2 

37.8 


27. 2 

29.7       I 
22.8 
24.7 
28.        I 

26       ; 


TANK  7.  OPEN  SEPTIC  TANK;  STORAGE  PERIOD,  TWELVE  HOURS. 


iiK)4-:.. 

March  to  May 

J  une  to  Augiist 

Si'ptemlxT  to  NovemlM^r 

DecemlxT  to  Febniary 

March  to  May * 

Yearly  average.  June  to  June. 

Geueral  average 


52 

170 

69  , 

160 

54 

170 

45 

180 

46 

190 

.%  : 

170 

->.5  ; 

170 

3.9  I 
2.8  I 

3.1  I 
3.5  j 
3.7  ! 

3.2  I 
3.4  I 


2.5  i 

1.4 

1.7  1 

1.1 

2.3 

.8 

3   ' 

.5 

3.1  1 

.6 

2.5  1 

.7 

2.5  ' 

.9 

I 


33.1 
35.8 
34.9 
27.7 
35.5 
33.2 
33.2 


31.4 

31.7 

21.4 

29 

28.1 

27.9 


TANK  8,  CLOSED  SEPTIC  TANK;  STORAGE  PERIOD,  FORTY-EIGHT  HOUR 


1903-4. 

June  to  August 66 

Septemlier  to  NovemhK»r 58 

l)«^'ml>er  to  February 47 

March  to  May ,  51 

Yearly  average 57 

1904^. 

June  to  August i  67 

Septeml)er  to  November i  .38 

December  to  February i  45 

March  to  May |  45 

Yearly  average j  56 

General  average 57 


I      I      I 

I I  5. 6  , 

3.6  ' 

, '  5   I 

230  ,  4.3 

,    230  I  4.3  1 


200 
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180  I 
170  I 
190  I 
190  , 


3.7 
3.5  I 

3.7  I 
3.5 
3.6 

3.8  > 


2.5  1 
2.1  1 

3.3  I 
2.3 

2.4  I 
I 
I 

2.3  I 

2.5  I 
3.1  I 
2.8 
2.7 
2.6 


3.1 

1.5 

1.7 

2 

1.9 


1.4  ' 
1   , 


22.4  I 
26.8 
*)   I 
16. 1  i 
25.1 


19.5 

23.5 

15.3 

23 

20.5 

22.1 


42.4  

52.3, 

I?    »' 


32.9 
42.9 
31.6 

41.6  1 
37.3 

40.7  1 


26.3 
35.6 
25.1 
33.8 
30.3 
29. « 


a  BeloTQ  Bee.  1 .  \^K&,  4ft  \io\xt«. 
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!  LIX. — Quarterly  averages  ofanalyaeH  of  effluent  from  Mptie  tanks — Continued. 
s'K  9.  OPKN  SEPTIC  TANK;  STORAClK  PKRIOD,  TWENTY-ForR  HOURS. 


Date. 


1904-5. 


I 


Analyson  (parts  per  million). 


Nitrogen  i 


I 


C>xygen  c*on- 

Tem-  -©-••—  j         sumed. 

pent-  — 

ture    Turbid-  Albuminoid  ammonia.  ■ 

{<»  F.).      Ity. ,  -    -     Free 

In  sus-  ammo-    Total, 
pen-        nia. 
sion. 


lay 

igust 

U)  November 

to  February 

lay 

ly  average.  June  to  Jum*. 
r'al  averagi' 


Total. 

In  solu- 
tion. 

ra 

170 

3.6 

.      2.4 

68 

IfiO 

2.7 

1.8 

.V> 

170 

2.9 

2.2 

45 

190 

3.6 

2.9 

46 

ItO 

3.9 

3.2 

5« 

170 

3.2 

2.4 

55 

170 

3.2 

2.4 

I 


I 


1.2  ; 

18.6 

.9  1 

22.9 

•>1  •> 

.7   ! 

15.3 

.7 

18.8 

.8 

19.6 

.8 

19.4 

DllH 

solved. 


36 

m.9 

36.3 

27.3 

36 

33.7 

34.1 


26.6 
29.1 
32.1 
21.9 
29.8 
27.7 
27.5 


:  10.  CLOSED  SEPTIC  TANK;  STORAGE  PERIOD.  TWENTY-FOCU  HOURS. 


1903-1. 

Igust 

to  NovemU'r. 
to  February . . . 

lay 

ly  average 


1904-5. 

igust 

to  NovemlKT. 
to  Februar>' . . . 

lay 

ly  average 

ral  average 


66 

4.5 

2.6 

1.9 

21.3  1 

34.3 

58 

3.4 

2.1 

1.3 

24.3  I 

38.5 

49 

3.8 

2.9 

.9 

35      1 

48 

51 

270 

4.2 

2.4 

1.8 

18.2  ' 

34.6 

26.4 

57 

270 

3.8 

2.4 

1.4 

23.  4 

37.9 

26.4 

67 

190 

3.5 

1.9 

1.6 

24.  (i 

41.3 

23.2 

57 

220 

3.9 

2.8 

1.1 

24.4 

34 

23 

43 

250 

3.9 

3.2 

.7 

18.1  ■■ 

36.3 

23.6 

45 

170 

3.7 

2.7 

1 

2D.  8  : 

36.3 

27.5 

56 

210  ; 

3.7 

2.6 

1  1 

21.9  i 

37.3 

24.1 

m 

210  1 

3.8 

2.5 

1.3 

22.5  1 

37.5 

24.5 

Bi.E  LX.  —<jent>ral  avtragcH  of  analynen  of  crufle  sfipage  and  8ej4ic  rffluenis. 


Analy8<*8  (parts  jkt  million). 


[atertal. 


Storag..  Te™: 
P^'riod    5^^    Tur- 
(hrs.).  r'^J\    bld- 
^  ^-^-i  ity. 


Nitrognn  as- 
Albuminoid  ani- 
moniH. 


Oxygen 
consumed. 


To- 
tal. 


In 
solu- 
tion. 


In 
.sus- 
I»en- 
sion. 


Fnv 
am- 
mo- 
nia. 


To- 
tal. 


June,  19a3.  to    m       30.')       h.^       3 

June.  19a=>. 
MaR'h.     Wm .")8       ,m-.       .V7       .{ 

to  June.  I wr). 
)m  tank  No.  :. . . .    June,  1(<03.  to     a^y^yz        57       200       .3.8       2.«; 

June.  1905.  j 

)ra  tank  No.  6 do 24         57        175       ,14       2.5 

>m  tank  No.  7 . . .    Marrrh,     1904.  12;      .Vi       170      ;J.  4  '    2.5; 

toJune.l9tt'».  I 

)mUnkNo.  N...    June,  1903.  to  4S  '      'u       100       3.S       2.6 

June,  19a-). 
>m  tank  No.  9 . . .    March,     1904.  24        ,V)       170       .3.2       2.4 

to.Iune.l'.Kl.-). 
>m  tank  No.  10.  .    Jun«'.  1903.  to  24        :~*\       210       .IS       2..-) 

J  urn'.  190.-). 

"Changed  Di-c.  7.  1903,  from  4-H  hours  to  12  hours. 


1. 


18. 5  I  43. 1  , 

i  17.6     41.5 

20.  7     .315. 9 

.9     21.5  ,  37.  S  i 
.9  :   17.6     .13.2  ! 

1.2  22.1      40.7 
.8      19. 4     .34.  1 

1.3  22.5     37.5 


Sol- 
uble. 


24.4 
24.  7 

26. 9 

26 
•27.9 


24. 5 
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The  average  analyses  of  the  effluent  from  each  tank  for  the  whole 
period  of  operation,  with  the  average  analyses  of  the  sewage  for  the 
fifteen-month  and  the  two-year  periods,  are  indicated  in  Table  LX. 
The  figures  on  the  whole  show  a  remarkable  uniformity  of  results  for 
open  and  closed  tanks  and  for  twelve,  twenty-four,  and  forty-eight 
hour  periods.  FJven  the  figures  for  suspended  albuminoid  ammonia 
and  total  oxygen  consumed  bring  out  only  slight  differences.  In  a 
comparison  of  tanks  Nos.  5  and  10  (closed)  with  the  corresponding 
twelve  and  twenty-four  hour  open  tanks,  the  open-tank  eflBuents 
appear  to  be  slightly  better.  It  must  be  remembered,  however,  that 
the  open  tanks  were  operated  during  the  last  fifteen  months  only, 
when  the  sewage  was  weaker.  This  factor  being  taken  into  account, 
the  work  of  the  open  and  closed  tanks  is  practically  equal. 

With  regard  to  period  the  figures  are  no  more  conclusive.  A  com- 
parison of  tanks  Nos.  7  and  9  (open)  apparently  shows  no  important 
difference  between  the  effect  of  twelve  and  of  twenty-four  hours' 
storage.  Similarly,  tanks  Nos.  5,  8,  and  10  (closed)  produce  almost 
the  saiue  results,  although  operating  with  periods  varying  from 
twelve  to  forty-eight  hours.  Tank  No.  6,  filled  with  1  J-inch  crushed 
stone,  produces  a  somewhat  greater  reduction  in  suspended  albumi- 
noid ammonia  than  do  the  other  tanks,  but  the  difference  is  too  slight 
to  be  of  practical  importance. 

Table  IjX\.  -Analyseff  of  septic-tank  contents j  indwding  dwdge  and  sewn,  at  do9e  of 

experiment. 


No.  of 
tank. 


Date. 


Analyses  (parts  per  milUon). 


I 

Storage  Depth 
p<*rlod  1     of 
(hra.).   sludge 

I  (in.). 


I 


Solids. 


To- 
tal. 


Loss 
on 
Igni- 
tion. 


ft June.     1903,    to 

June,  190,'). 

6 1 do I 

7 March,    H)04,     to  ' 

I      June,  lOa"!. 

8 1  June.     1903,    to 

June,  1905. 
9 1  March.    1904.    to 

I      June,  ItKV). 
10 June,     1903,    to 

I      June,  1905. 


a48-12  I       8.4  !  17.000     6,580 


24    . 
12 

48 

-24 

24  I 
I 


I 


3.3  I  10,«00  3,040 

8.7  '  14,900  6,068 
I                I 

4.4  12,500  3,912 
I                I 

5.4  I  16,900  5,952 


'          Nitrogen  as— 

r 

Free 
am- 
mo- 
nia. 

35 

Albumi- 
noid am-  1 
monia. 

To- 
tal.- 

425 

To- 
tal. 

145" 

Sol- 
uble. 

10 

6 
34 

66 
42 

10 
10 

"'250 

50 

80 

'\ 

400 

40 

70 

l\ 

325 

50 

102 

7 

1 

400 

Oxygen 
consumed. 


ToUl. 


Ftts. 


Sol- 
uble 


1,000  ,    130    1,5» 

48    3,00 
100,    fi» 


640 
680 

940 

680 

1,020 


110  I 
110 
100 


I 


900 


a  Changed  Dec.  7.  1903,  from  48  hours  to  12  hours. 

When  this  series  of  experiments  was  closed  in  June,  1905,  the  inlet 
and  outlet  of  each  tank  were  closed  and  the  contents,  including  scum 
and  sludge,  were  thoroughl}^  stirred.  Samples  of  the  suspension  thus 
produced  were  then  analyzed  in  order  to  gain  an  idea  of  the  mateinal 
which  had  accumulated  during;  the  whole  period  of  operation.  The 
results  are  shown  in  Table  liXl,    T:\vfc  wMi\^^<e{&  t^^^t  \ic>  the  total 
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quid  and  solid  contents  of  the  tank  at  the  time  its  operation  ceased, 
suspension  containing  about  98  per  cent  of  water.  The  sludge  was 
stimated  by  allowing  the  mixed  tank  contents  to  settle  in  a  cyhnder 
»r  twenty-four  hours  and  observing  the  relation  between  the 
lick  sediment  produced  and  the  clear  supernatant  Uquid.  The 
lickness  of  the  sludge  (which  as  measured  by  this  method  includes 
le  scum  also)  was  3.3  and  4.4  inches  for  the  tanks  which  had  run  for 
fteen  months  and  5.4,  8.4,  and  8.7  inches  for  those  which  had  run  for 
7o  years.  With  regard  to  total  solids  the  loss  on  ignition  is  impor- 
,nt  and  measures  fairly  the  total  storage  of  organic  matter  by  the 
ptic  tank.  This  is  seen  to  be  from  3,000  to  4,000  parts  per  million 
ter  fifteen  months  and  about  6,000  parts  after  two  years.  The  effect 
•  the  storage  period  on  the  accumulation  of  sludge  is  striking.  As 
ready  shown,  the  tanks  in  which  the  flow  was  more  rapid  appear  to 
cercise  quite  as  much  purifying  power  as  the  slower  ones.  Since 
vice  as  much  sewage  passed  through  tank  No.  7  as  through  tank  No. 
and  twice  as  much  through  tank  No.  10  as  through  tank  No.  8,  with 
hie  production  of  a  comparable  effluent,  more  sludge  might  be  expected 
1  tanks  Nos.  7  and  10.  We  actually  find  less,  which  suggests  that  the 
iecomposing  action  of  the  tank  is  favored  by  a  shorter  storage  period, 
n  tank  No.  7,  with  a  twelve-hour  period,  there  were  3.3  inches  of 
ludge,  corresponding  to  0.6  cubic  yard  per  milUon  gallons  of  sewage 
>assed.  In  tanks  Nos.  5,  9,  and  10,  with  a  twenty-four-hour  period, 
he  depth  of  sludge  was  respectively  8.4,  4.4,  and  5.4  inches,  eqtiiv- 
Jent  to  1.4,  1.7,  and  1.5  cubic  yards  per  million  gallons.  In  tank  No. 
^  with  a  forty-eight  hour  period,  there  were  8.7  inches  of  sludge,  or 
'7  cubic  yards  per  million  gallons. 

It  has  been  pointed  out  above  that  a  prolonged  septic  action  dimin- 
shes  the  number  of  bacteria  and  probably  interferes  with  sludge 
eduction.  Another  interesting  suggestion,  which  may  help  to 
'Xplain  the  results  herein  recorded,  has  recently  been  made  by  Stod- 
lart  (1905).  He  finds,  in  a  septic  tank  of  several  compartments,  a 
'considerable  deposit  of  sludge  in  the  first  compartment,  giving  a 
ftirly  clear  supernatant  liquid,  which  in  the  last  chamber  of  all  under- 
goes a  secondary  decomposition,  leading  to  the  throwing  down  of  an 
widitional  precipitate  of  offensive  sludge. 

Prom  the  data  in  Tables  IxK  and  LXI  have  been  calculated,  in 
fable  T^II,  the  actual  amounts  of  certain  constituents,  which  were 
tt)  aUowed  to  enter  the  tanks,  (b)  discharged  in  the  effluents,  (c) 
'tored  in  the  tanks  as  sludge  and  scum,  and  (d)  removed  by  septic 
'ecomposition.  About  50  pounds  of  nitrogen  as  albuminoid  ammo- 
^  per  million  gallons  of  sewage  entered  the  tanks.  Roughly,  30 
H)unds  were  discharged  and  20  pounds  remained  behind,  of  which 
^5  to  17  pounds  were  decomposed.  The  last  columns  in  the  table 
tow  the  totaJ  voJatiJe  solids  and  fats  stored  vxi  \a\ie>  notvqn^  \»s^8a. 
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calculated  in  relation  to  the  Sewage  treated.  These  figures  bring 
out  very  sharply  the  superior  decomposing  power  of  the  tanks  oper- 
ated at  short  periods.  Tank  No.  7  (twelve  hours)  and  tank  Xo.  5 
(twelve  hours  for  the  last  eighteen  months)  exhibit  the  lowest  valnes. 
Tanks  Nos.  9  and  10  (twenty-four-hoiu-  period)  come  next,  ^ilh  90 
and  101  pounds,  respectively.  Tank  No.  8,  with  its  forty-eight-hour 
storage,  gave  206  pounds  of  stored  organic  matter  per  milUon  gallons 
of  sewage  treated.  The  large  proportion  of  fats  shown  in  the  last 
column  is  notable,  amounting  to  one-fourth  or  one-eighth  of  the 
total  stored  organic  matter. 

Table  LXII. — Storage  and  decomposition  of  organic  matter  in  septic  tanks. 


No.  of 

Flow 

tank. 

(gallons). 

r, 

445,000 

6 

135,000 

7 

393,000 

8 

i:»,  000 

9 

197.000 

10 

266.000 

I         Nitrogen  as  albuminoid  ammonia.         |      Solids  stored. 

*^,J!l§*^  I  Entering.  I.«avlng     Stored.  I  Decomposed.'    fr„«..i     '  Loss  on     »tor«i. 
(fi^uS).  ;      ^°>  ^'*>      '       ('^•>      '(d-«-b-f.)|    ^°'**-    I  ignition.' 


I 


Pounds  per  million  gallons  of  sewage  passed. 


I 


a4»-12  ,  49.2  i  31.7  '  1.3 

24  I  49.2  28.3  I        «>  10. 1 


16.9  '             *.o  I              V.  , 
11.9    ' I 


12  46.7  I  28.3  .4 

48  I  49.2  :  31.7  ,  2.6                    15.9  I            510 

24  I  46.7  ,  26.7  1.5  I                 17.8              279 

24  I  49.2  31.7  1.6  I                 17.3 


18.1  I  115 

1  ■ 


35  i  6 

306:  » 

9o;  « 

101 :  15 


a  Change<l  DecenilHT  7,  1903,  from  48  hours  to  12  hours. 

fr  Estimated  from  loss  of  capacity  in  tank  due  to  sludging  up  of  the  space  between  the  stones  and  from 
analysis  of  a  sample  of  the  sludge. 

Altogether  it  may  be  concluded  from  these  experiments  that  the 
septic  tank  will  effect  a  considerable  removal  of  solids  from  Boston 
sewage,  amounting  to  about  two-fifths  of  the  nitrogen  as  measured 
by  albuminoid  ammonia.  Its  effluent  is  free  from  gross  turbidity, 
but  dark  and  offensive  from  the  liberation  of  hydrogen  sulphide. 
Of  the  organic  matter  retained  in  the  tank,  a  very  large  proportion, 
amounting  to  well  over  three-fourths  if  measured  by  the  albuminoid 
nitrogen,  is  decomposed,  and  the  accumulation  of  stored  material  '\^ 
the  tank  is  slight  after  two  years  of  operation.  Apparently  such 
tanks  might  operate  for  several  years  without  being  cleaned.  The 
covering  of  tanks  is  nonessential,  since  closed  and  open  tanks  work 
equally  well.  Storage  periods  varying  from  twelve  to  forty-eight 
hours  give  similar  effluents,  but  there  is  an  increasing  tendency  ^^ 
accumulate  sludge  as  the  period  is  lengthened.  The  filling  of  ^ 
se})tic  tank  with  stone  is  of  only  slight  advantage. 

It  is  believed,  therefore,  that  open  tanks  with  a  capacity  not  exceed- 
ing the  flow  for  twelve  hours  w^ould  prove  the  most  favorable  preliini" 
nary  treatment  for  Boston  sewage. 

PURIFICATIOX    BV   IXTEUMrFTEXT    SAND    FILTRATION. 

The  early  LawTence  experin^ents  indicated  pretty  clearly  wha* 
may  be  effected  by  intermittent  sand  filters  operating  under  the 
most  favorable  conditiona,    T\vey  ^o>n^^  >^^\.  ^  \  Vi  ^  toot  bed 
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3f  sand  of  an  effective  size  of  0.04  to  1.4  mm.  would  take  sewage  at 
rates  varying  from  0.02  to  0.06  million  gallons  per  acre  per  day, 
producing  a  clear  and  odorless  effluent  in  which  the  nitrogenous  con- 
Jtituents  had  been  almost  entirely  converted  into  the  mineral  form, 
[n  the  line  of  a  modification  of  the  process  in  order  to  secure  more 
*apid  rates  than  these  the  only  important  step  has  been  the  instal- 
ation  of  preliminarj^  septic  tanks,  and  septic  effluent  has  been  treated 
H  the  \Cddle  West  at  rates  up  to  0.4.  Exact  data  arc  scarce,  how- 
ver,  as  to  the  comparative  of)eration  of  sand  filters  with  crude 
ewage  and  with  septic  effluent.  It  was  therefore  planned,  in  this 
ivestigation,  to  determine  how  far  the  preliminary  septic  process 
ould  be  of  advantage  in  the  treatment  of  Boston  sewage,  and — 
ith  or  without  its  use — to  what  extent  the  required  area  of  sand 
ould  be  diminished  by  the  use  of  rates  of  filtration  over  0.1  million 
allons  per  acre  per  day.  It  was  desired  also  to  find  out  how  far  the 
epth  of  sand  could  be  decreased  with  safety,  since  this  may  be  an 
nportant  economic  consideration  when  artificial  sand  areas  must  be 
onstructed. 

The  first  sand  filters,  Nos.  1  and  2,  began  operation  in  June,  1903. 
ioth  were  cypress  tanks,  6  by  4  feet  by  3  feet  deep,  underdrained 
nth  6  inches  of  material  ranging  from  3-inch  stones  up  to  the  sand, 
^'o.  1  contained,  over  the  underdrain  material,  two  feet,  and  No.  2  one 
3ot  of  drift  sand  with  an  effective  size  of  0.17  mm.  and  a  uniformity 
oefficient  of  3.5.  Both  were  started  at  a  rate  of  0.1  and  so  operated 
ntil  December,  1903.  At  that  time  the  rate  on  No.  1  was  doubled, 
?'hile  that  of  No.  2  remained  the  same  in  amount  but  was  divided  into 
wo  daily  doses  with  twelve  hours'  interval  between  them.  In  June, 
904,  both  rates  were  doubled.  No.  2  receiving  0.2  million  gallons  per 
ere  per  day  in  two  doses  and  No.  1  receiving  0.4  million  gallons  per 
ay  in  four  doses.     Both  filters  received  crude  sewage. 

This  experiment  gave  conclusive  results  as  to  the  minimum  depth 
or  a  sand  filter.  While  the  2-foot  filter  worked  satisfactorily,  No.  2, 
idth  half  that  depth,  was  a  failure.  Its  effluent  was  dark  and  turbid 
Jid  of  an  offensive  odor.  Not  one  of  the  samples  tested  j)assed  the 
ncubator  test.  The  analytical  results  in  Table  LXIII  show  marked 
'^ariations  from  time  to  time,  but  the  free  ammonia  present  was  gen- 
ially from  15  to  20  parts  per  million—  nearly  as  liigh  a  value  as  that 
rf  the  crude  sewage.  The  albuminoid  anmionia  was  usually  between 
'  and  3  parts  and  the  oxygen  coiLsumed  about  20  parts — in  each  case 
^bout  half  the  sewage  value.     Nitrates  were  always  low. 

The  operation  of  the  2-foot  bed,  on  the  other  hand,  was  eminently 
^tisfactory.  The  effluent  wa^s  clear  and  briglit  and  entirely  free  from 
urbidity  and  odor.  Every  sami)le  tested  successfully  passed  the  incu- 
bator test  and  even  bacteriologically  the  effluent  appeared  well,  hav- 
ng  an  average  of  1,220  bacteria  per  cubic  ceuUu\^\e\ .  TV\<Ji  Wv^KfcTvJs. 
composition  of  the  various  effluents  obla\neA\  m  \\\c^^  e^>^^ri?caK^j^» 
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has  been  fully  discussed  elsewhere  (Winslow,  1905  a).  The  analytical 
characters  of  the  effluent  from  tank  No,  1  are  given  in  Table  LXIfl. 
The  free  ammonia  once  reached  9  parts  per  million  in  the  summw 
quarter  of  1904,  just  after  the  increase  in  rate,  but  has  been  generally 
under  4  parts.  The  albuminoid  nitrogen  has  been  under  1  part,  and 
the  oxygen  consumed  under  8  parts  except  in  one  quarter.  The  ni- 
trates, on  the  other  hand,  have  not  fallen  below  20  parts,  indicating 
a  very  liigh  degree  of  purification,  and  dissolved  oxygen  has  con- 
stantly been  present.  The  increase  in  rate  from  0.1  to  0.2,  and  again 
from  0.2  to  0.4,  did  not  appreciably  alter  the  quality  of  the  effluent. 

The  surface  of  the  filter,  even  at  these  high  rates,  has  not  required 
excessive  care.  It  was  scraped  in  August,  1903,  and  November,  1904, 
and  raked  once  and  scraped  once  in  March,  1905.  The  total  material 
removed  in  three  scrapings  during  two  years  of  operation  amounted 
to  a  layer  0.48  inch  thick,  or  1,600  cubic  inches.  This  is  equivalentt 
to  0.36  cubic  yard  per  milUon  gallons  of  sewage  filtered. 

Tanks  Nos.  24  and  25  were  put  in  operation  in  March,  1904,  in  order 
to  compare  the  treatment  of  septic  effluent  with  the  purification  of 
crude  sewage  as  conducted  in  tank  No.  1.  All  three  were  alike  in  con- 
struction. Tanks  Nos.  24  and  25  were  tliroughout  operated  at  a  rate  of 
0.4  million  gallons  per  acre  per  day,  taking  four  daily  doses  at  six-hour 
interv^als.  Tank  No.  24  received  the  effluent  from  tank  No.  7,  which 
had  been  septicized  for  twelve  hours;  tank  No.  25  that  from  tank  No. 
9,  which  had  been  septicized  for  twenty-four  hours.  The  analyses  of 
the  effluents  from  tanks  Nos.  24  and  25  are  shown  in  Table  LXIIl 
In  each  of  the  three  tanks  studied  the  nitrates  increased  rapidly  dur- 
ing the  first  months  of  operation  (nine  months  in  the  case  of  tank  No. 
25,  six  months  in  the  other  two  cases)  and  then  fell  to  a  somewhat 
lower  value. 

Fig.  17  brings  out  more  clearly  the  relative  quality  of  the  three 
effluents,  showing  that  from  tank  No.  1,  which  took  crude  sewage,  to  be 
the  best.  In  the  figure  the  blocks  for  sewage  constituents  represent 
not  the  septic  effluent  applied,  but  the  crude  sewage  before  treatment. 
It  will  be  noticed  that  the  average  sewage  applied  to  tank  No.l  was 
stronger  than  that  treated  by  septic  tanks  Nos.  7  and  9  and  filters  Nos. 
24  and  25.  Nevertheless,  the  free  and  albuminoid  ammonia  values 
are  lower  and  the  nitrates  higher  after  sand  filtration  alone  than  after 
combined  septic  and  sand  treatment. 

In  the  condition  of  the  surface,  the  filters  receiving  septic  effluent 
showed  a  slight  but  distinct  advantage.  During  fifteen  months  of 
operation  tank  No.  25  was  raked  over  twice,  in  September,  1904,  and 
March,  1905,  but  not  scraped.  Tank  No.  24  was  raked  on  the  same 
dates  and  also  scraped  once  in  March,  1905.  This  scraping  was  ren- 
dered necessary  by  a  rather  unusual  phenomenon,  the  deposition  of » 
ihin  layer  of  finely  divided  aulpVade  ol  \xQTL\oTt£y?A  Vj  d»c«m^sition 
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hates  in  the  septic  tank.  After  one  removal  this  layer  did  not 
brm.  It  is  probable  that  experiments  extending  over  a  longer 
might  have  shown  greater  advantages  in  the  septic  process  in 
a  to  the  permanency  of  filtering  surface. 

jiLB  LXIII. — Quarterly  averages  of  analyses  of  effluents  from  slow  sand  filers. 
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In  general,  the  results  obtained  indicate  that  in  reducing  the  depth 
of  a  sand  filter  it  is  not  safe  to  go  below  2  feet.  One  foot  of  sand  is 
insufficient  to  effect  purification,  while  a  2-foot  bed  may  yield  admi- 
rable results.  With  regard  to  the  value  of  preliminary  septic  treat- 
ment of  Boston  sewage  before  sand  filtration,  it  appears  that  effluents 
from  the  combined  process  are  slightly  inferior  to  those  obtained  by 
the  sand  process  alone,  while  the  care  of  the  surface  is  more  difficult 
when  crude  sewage  is  treated.  These  experiments,  it  is  believed,  sug- 
gest that  it  may  be  possible  to  treat  crude  sewage  by  sand  filtration 


FfLTER 


FREE  AMMONIA 
ALBUMNOOADMONIA 
NITRITES 
NITRATES 


FREE  AMMONIA 
ALBUMINOO /SMMIONIA 
NITRITES 
NITRATES 


FREE  AMMONIA 
ALBUMINOfO  AMMONIA 
NiTRrTES 
NITRATES 


^  '^  -  -         PARTS  PER  MILLION 

Fig.  17.— Comparison  of  various  iormfi  of  nitrogen  in  crude  sewage  and  sand-fllter  effluent*. 

at  higher  rates  than  have  heretofore  been  recommended.  The  opera- 
tion of  filter  beds  under  practical  conditions  is  of  course  more  difficult 
than  in  small-scale  experiments.  In  the  first  place  the  distribution 
on  large  beds  is  often  incomplete,  while  it  is  easy  in  small  tanks  to 
obtain  perfect  distribution.  Again,  the  effect  of  winter  weather  was 
minimized  in  these  experiments.  It  will  be  noticed  in  the  tables  that 
the  quarterly  temperature  averages  for  the  sand-filter  effluents  did 
not  fall  below  39°  F.  In  order  to  estimate  the  actual  importance  of 
this  point  in  outdoor  fillexs,  \;\ie  t«Aaq^  ^Vit;Jx  the  values  of  free  and 
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Ibuminoid  ammonia,  oxygen  consumed,  and  nitrates  for  each  month 
ear  to  the  yearly  average  at  Lawrence  and  Brockton  liave  been  cal- 
ilated  and  are  given  in  Table  LXIV. 

ikBLE  LXIV. — Monthly  variations  in  sand-JUter  rffluentJt  at  Brockton  ami  Lawrence  ^  Mass, 

[  Yearly  average^- 100.] 
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The  Lawrence  figures  are  the  averages  of  tho  ratios  for  tanks  Nos.  1 , 
,  3,  4,  6,  and  10,  from  1895  to  1900,  calculated  from  Clark^s  analyses 
1896-1901).  For  Brockton  the  figures  used  cover  the  period  1897 
i  1904  (Brockton,  1898-1905).  A  regular  seasonal  variation  is  indi- 
cted, the  organic  constitu tents  reaching  their  maximum  in  February 
ith  the  small  Lawrence  tanks  and  in  March  with  the  large  Brockton 
Iter.  The  nitrates  show  a  reciprocal  curve,  being  lowest  in  February, 
lie  maximum  monthly  deviation  amounts  to  about  100  per  cent, 
le  worst  monthly  averages  being  twice  as  high  as  the  average  in 
rganic  matter.  This  probably  furnishes  a  fair  measure  of  the 
mount  of  damage  to  effluents  by  winter  weather. 

The  interference  with  the  surface  of  the  beds  by  winter  weather  is 
luch  more  serious,  and  the  treatment  of  crude  sewage  by  intermit- 
ent  sand  filtration  at  a  rate  of  0.4  million  gallons  per  ac^^re  per  day 
an  not  be  recommended.  It  is  believed,  however,  tluit  experiments 
nt  of  doors  and  on  a  larger  scale  are  well  worth  making  in  order  to 
«e  if  the  common  rates  of  0.06  to  0.1  can  not  be  somewhat  increased. 
^0  doubt  beds  operated  at  higher  rates  will  require  more  attention 
>aid  to  their  surfaces,  but  it  is  a  question  if  the  raking  and  scraping 
ncident  to  the  filtration  of  a  given  volume  of  sewage  will  be  increased 
^y  filtering  it  through  a  smaller  area.     It  seems  probable  that  the 
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stable  material  deposited  on  the  surface  of  a  sand  filter  bears  a  fixed 
ratio  to  the  amount  of  sewage  filtered;  the  same  thing  is  ver)'  likely 
true  of  the  fatty  material  which,  as  Clark  has  pointed  out,  penetrates 
below  the  surface  and  gradually  decreases  the  efficiency  of  an  old 
sand  bed.  These  inevitable  deposits  will  not  be  increased  by  higher 
rates,  but  will  be  simply  concentrated  on  a  smaller  area,  while  the 
oxidizable  organic  material  can  apparently  be  nitrified  under  proper 
conditions  at  considerably  higher  rates  than  0.1.  The  difficulty  of 
3craping  during  severe  winter  weather  will  probably  furnish  the  most 
serious  obstacle  to  increased  rates  of  filtration. 

As  a  rule,  sand  filters  have  been  constructed  without  special  care 
and  operated  at  haphazard.  As  this  process  comes  into  competition 
with  the  more  elaborate  modern  methods,  it  is  evidently  worth  while 
to  see  what  can  be  done  by  applying  to  it  the  same  expert  care  which 
is  understood  to  be  required  by  a  contact  or  a  trickling  filter.  For 
example,  the  difficulty  of  distribution  may  largely  be  overcome  on  a 
practical  scale  by  careful  grading  and  the  use  of  proper  distributors, 
if  it  is  clear  that  this  is  worth  doing.  The  division  of  the  entire  daily 
dose  into  three  or  four  portions,  applied  at  equal  intervals  during 
the  twenty-four  hours,  is  an  expedient  which  would  certainly  largely 
increase  the  capacity  of  any  of  the  Massachusetts  beds  now  operated 
on  the  principle  of  daily  or  even  less  frequent  dosing.  This  could  be 
accomplished  by  the  use  of  automatic  devices,  as  at  Wauwatosa  and 
other  plants  in  the  Middle  West.  It  has  been  tacitly  assumed  that 
the  good  results  obtained  at  these  filtration  areas  were  wholly  due  to 
the  preliminary  treatment  of  the  sewage  in  the  septic  tank.  It  is  pos- 
sible that  they  may  be  in  part  the  result  of  careful  operation  and  the 
application  of  several  doses  during  the  twenty-four  hours. 

PURIFICATION    IN    CONTACT   BEDS    OF   COARSE    MATERIAL. 

The  experiments  at  tliis  station  on  the  contact  bed  were  planned  to 
bring  out  the  influence  on  the  results  of  the  treatment  of  each  of  the 
following  points:  Size  and  kind  of  filling  material;  depth  of  material; 
double  and  single  contact  process;  treatment  of  crude  and  septic 
sewage;  and  rate  of  operation.  The  filters  themselves  have  already 
been  described  in  full  detail  (pp.  103-105).  Por  convenience  of  refer- 
ence, however,  the  main  facts  concerning  the  filter  and  its  operation 
will  be  restated  in  each  case. 

Of  the  seven  primary  contact  beds  all  are  4  feet  square  in  area. 
Tanks  Nos.  11,  12,  13,  14,  and  16  are  each  6  fe^t  deep,  and  Nos.  18 
and  20  are  each  4  feet  deep. 

In  all  cases  the  method  of  operation  was  as  follows:  The  bed  was 

filled  during  the  course  of  an  hour,  allowed  a  two  hours'  contact, 

emptied  in  about  half  or  three-quarters  of  an  hour,  and  allowed  to 

stand  empty  until  the  next  fiWin%.    "^X^^  ^vw^^^ava.  vAk<i«j8es  con- 
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jiuous,  and  after  the  first  six  months  two  or  more  fillings  of  the 
ink  per  day  were  evenly  distributed  over  the  twenty-four  hours. 

Tanks  Nos.  11,  12,  13,  and  14  were  run  alike  tliroughout  the  experi- 
lents.  During  July  and  August,  1903,  they  received  one  filling  per 
ay.  The  rate  was  doubled  August  31,  1903,  increased  to  four  fill- 
igs  January  1,  1904,  and  reduced  to  three  fillings  June  24,  1904. 
during  the  whole  period  after  August,  1903,  tank  No.  16,  the  coun- 
?!rpart  of  No.  13,  w^as  run  at  three  fillings.  Owing  to  the  superior 
^sults  obtained  from  tank  No.  16  at  three  fillings  over  tank  No.  13 
tr  two  the  rate  of  the  first  four  filters  was  increased  to  four  fillings, 
his,  after  a  fair  trial,  was  found  to  be  excessive,  and  the  rate  of  three 
iUngs  per  day  was  adopted  as  the  most  favorable. 

Tank  No.  1 1  was  filled  with  coke  about  2  inches  in  diameter.  Dur- 
Lg  the  period  from  June,  1903,  to  June,  1905,  it  was  run  at  an  aver- 
i^e  rate  of  1.8.  No  material  was  removed  from  the  surface  during 
le  experiment  and  no  serious  clogging  occurred.  The  effluent  as  a 
lie  was  turbid  and  putrescible  and  not  satisfactorily  purified. 

Tank  No.  12  was  filled  watli  crushed  stone  1  inch  to  IJ  inches  in 
iameter.  During  the  two-year  period  it  was  run  at  an  average  rate 
F  1.4.  No  material  was  removed  from  the  surface,  although  toward 
le  end  of  the  period  a  considerable  deposit  had  accumulated,  which 
ould  have  required  removal  in  a  short  time.  The  quality  of  the 
9B[uent  improved  steadily  during  the  second  year  and  was  at  its  best 
t  the  conclusion  of  the  experiment.  During  the  spring  of  1905  the 
BBuent  generally  passed  the  incubator  test.  The  purification 
QFected  by  this  filter  was  largely  due  to  the  straining  action  of  the 
udge  layer  on  its  surface. 

Tank  No.  13  was  filled  with  crushed  stone  one-fourth  to  one-half 
ich  in  diameter.  It  was  run  throughout  the  two-year  period  at  an 
verage  rate  of  1.2.  April  6,  1904,  ten  months  after  starting  this 
Iter,  it  was  necessarj'-  to  remove  a  2-inch  layer  of  deposit  from  the 
irface.  This  material  was  earthy  in  appearance  and  odor,  and  was 
isily  removed  without  appreciably  disturbing  the  stones.  The 
ogging  material  extended  to  a  depth  of  a  few  inches  within  the  bed, 
ut  below  the  surface  of  the  stones  was  not  disturbed.  The  total 
eight  of  the  substance  removed  was  26  pounds;  its  composition  on 
lalysis  was  as  follows:  Moisture,  41  per  cent;  loss  on  ignition,  6.9 
5r  cent;  organic  nitrogen,  0.1  per  cent.  March  21,  1905,  2  inches 
■  mixed  deposit  and  filter  material  were  removed.  The  material  of 
le  filter  was  clogged  badly  to  a  depth  of  6  inches,  below  which  the 
ones  were  clean.  This  material  was  similar  to  that  first  removed 
id  was  not  analyzed,  except  that  the  stones  were  separated  from  the 
3posit  in  a  sample  of  the  mixture.  The  total  weight  removed  was 
[I  pounds,  of  which  56  per  cent,  or  79  pounds,  was  deposit.  The 
Kuent  from  this  Glter  has  been  unif onniy  good  ^xid  X\i<^^  \ii<;sv:!^^Kxst 
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tests  which  were  made  on  it  showed  it  to  be  always  nonputrescible. 
Here  still  more  than  with  tank  No.  12  the  straining  effect  of  the  sur- 
face deposit  played  an  important  part. 

Filter  No.  14  was  filled  originally  with  crushed  stone  one-half  to 
1  inch  in  diameter.     During  the  year  of  its  operation,  from  July, 
1908,  to  June,  1904,  it  received  sewage  at  an  average  rate  of  1.4.   So 
material  was  removed  from  its  surface,  although  at  the  end  of  the 
year  there  was  a  considerable  accumulation  of  deposit.     The  effluent 
was  at  all  times  intermediate  between  those  of  No.  12  ( 1  J-inch  stone) 
and  No.  13  (one-half  inch  stone).     At  the  end  of  the  first  year  the 
filter  was  discontinued  to  make  room  for  an  experiment  with  a  brick 
fdter.  No.  14A,  on  the  plan  of  Dibdin's  multiple-surface  bed,  the  con- 
struction of  wliich  has  already  been  described  (p.   105).     This  filter 
was  run  throughout  the  second  year  at  an  average  rate  of  2.    No 
material  has  accunuilated  on  the  surface,  owing  to  the  very  open  con- 
struction.    The  effluent  of  the  filter  has  been  uniformly  turbid  and 
putrefactive. 

Filter  No.  16  is  exactly  like  No.  13,  and  was  planned  originallv  to 
run  parallel  with  it  except  as  to  rate,  in  order  to  study  the  effect  of  ' 
two  different  rates  under  otherwise  like  conditions.  As  already 
stated,  it  was  concluded  from  the  work  of  this  filter  that  three  fillings 
per  day  were  better  than  two  and  later  that  three  were  better  than 
four.  This  point  having  been  estabUshed  the  filter  was  used  for 
experiments  of  a  special  character,  the  results  of  which  have  already 
])een  pul)lislied  (Phelps  and  Farrell,  1905).  During  the  second  year 
it  was  run  like  No.  18  in  all  respects.  Tank  No.  16,  however,  was  not 
cleaned  at  the  l)eginning  of  the  second  year,  and  therefore  effected  » 
somewhat  higher  purification  from  its  greater  straining  action.  Its 
average  rate  was  1.6. 

Tanks  Xos.  19  and  20  are  each  4  feet  deep  and  filled  with  crushed 
stone  1  inch  to  U  inches  in  diameter.     They  were  run  from  June, 
190:3,  to  Jaiuiarv  1,  1904,  with  two  filUngs  per  day.     From  January  h 
1904,  tt)  the  conclusion  of  the  experiments  they  were  given  three 
fillings  {)er  day.     In  all  respects  they  were  run  as  nearly  alike  as  pos- 
sible, No.  19  receiving  sej)tic  sewage  from  septic  tank  No.  10  (thirty 
hours  old)  and  No.  20  recjeiving  crude  sewage.     The  effluents  froHi 
these  filters  were  treated  on  secondary  tanks  Nos.  17  and  18,  resp^' 
tively.     The  purification  })y  No.  19,  wliich  took  septic  sewage,  b^ 
never  been  satisfactory,  the  eflluent  being  at  all  times  foul  and  da^^ 
colored  and  generally  putrescible.     The  effluent  of  No.  20  has  bc^^ 
much  more  satisfactory  from  the  start.     It  is  also  a  striking  fact  tb^^ 
the  eflluent  from  No.  20  has  been  fully  as  good  as  that  from  the  fii^^ 
stone  filters  Nos.  13  and  16,  and  always  superior  to  that  from  No.  1^' 
from  which  it  differs  only  in  depth  and  in  its  consequent  lower  rate* 
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Capacity  measurements  were  made  on  each  bed  once  a  week  by 
iischarging  the  effluent  into  a  measuring  tank  as  described  above 
Cp.106).  The  average  results  by  quarters  are  brought  together  in 
Fable  LXV.  The  results  are  all  expressed  in  percentages  of  the  total 
isubic  capacity  of  the  empty  tank.  The  initial  hquid  capacity  varied 
?rom  39  to  48  per  cent,  the  highest  values  of  course  being  found  in  the 
brick  and  coke  beds.  The  single-contact  beds  taking  crude  sewage 
ill  decreased  in  capacity  rather  steadily,  reaching  a  final  value  after 
l;wo  years  of  26  to  33  per  cent.  The  figures  do  not  furnish  evidence 
Jiat  the  falling  off  had  reached  its  limit,  as  was  shown  at  Manchester. 
rhe  Dibdin  brick  filter  still  showed  40  per  cent  of  open  space  after 
>ne  year  of  operation.  The  capacity  of  tank  No.  19,  which  received 
septic  effluent,  was  maintained  at  38  per  cent,  and  the  secondary  beds, 
Nos.  17  and  18,  retained  a  capacity  of  over  35  per  cent.  The  capacity 
of  tank  No.  20,  which  had  fallen  from  41  to  26  per  cent  in  two  years, 
was  measured  in  August,  1905,  after  three  months  of  rest,  and  had 
risen  to  32  per  cent. 

Tabijs  LXV. — Capacity  of  contact  flier,  hy  quarters. 
[  Percentage  of  ctibic  capacity  of  empty  tank.] 


No.  of  flit 
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ao 
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14A.. ;■.: 

48 
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39 
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39 
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39  , 
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32 

37  

37  

38  

35 

w...; 

42 

37 

19..  

41 

20..: '.'.'.', 

i     41 

37 

31  

1 

26 

1 

It  is  necessary  to  distinguish  clearly  between  the  surface  clogging, 
due  to  the  accumulation  of  material  on  the  surface  of  the  bed,  and  the 
true  loss  of  capacity  which  affects  the  lower  part  of  the  filter.  Since 
in  these  capacity  measurements  the  tank  was  always  filled  just  to  the 
original  surface  of  the  stones,  the  former  {)henomenon  in  no  way 
affects  the  results.  The  surface  clogging  depends  directly  on  the  size 
of  material  used,  being  greatest  with  the  fine  beds.  In  the  present 
experiments  it  was  necessary  to  clean  the  one-half-inch  stone  beds  once 
a  year,  while  the  H-inch  beds  were  just  clogging  so  seriously  as  to 
render  cleaning  necessary  at  the  end  of  the  second  year.  The  surface 
layer  does  not  extend  more  than  a  few  inches  into  the  bed,  and  its 
removal  is  a  simple  matter  which  could  be  managed  as  easily  as  the 
Scraping  of  a  sand  filter.  It  must,  however,  be  reckoned  vrith  in  the 
cost  of  operation. 

The  true  loss  of  capacity,  on  the  other  hand,  affected  tanks  Nos. 
11,  12,  13,  and  16  about  equally,  amounting  in  each  case  to  a  reduction 
of  about  one-fourth  oi  the  original  open  apace.    "lYift  x^NXa  ^^V^ficft^Ssssai 
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to  the  initial  capacity  was  70  per  cent  for  No.  11,  75  per  cent  for  No. 
12,  75  per  cent  for  No.  13,  and  71  per  cent  for  No.  16.  Tank  No.  20 
showed  a  greater  reduction,  to  63  per  cent  of  its  original  capacity, 
probably  because  the  material  carried  into  the  interstices  is  propor- 
tionately greater  with  a  shallow  bed.  On  the  other  hand,  the  second- 
ary beds  lost  only  about  one-tenth  of  their  open  space,  the  ratio  of 
final  to  initial  capacity  being  90  per  cent  for  No.  17  and  88  per  cent 
each  for  Nos.  18  and  19.  The  primary  bed  taking  septic  effluent  lost 
only  7  per  cent  of  its  original  capacity  in  twenty  months  of  operation. 


Table  LXVI. — Quarterly  averages  of  analyses  of  conUtet-JUter  effluents. 
TANK  NO.  n.  PRIMARY-CONTACT  BED  OF  2-INCH  COKE. 
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TANK  NO.  13,  PRIMARY-CONTACT  BED  OF  ONE-FOURTH  TO  ONE-HALF  INCH  STONE 
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LXVI. — Quarterly  averages  cf  analyses  of  corUaet-JUUr  effluents — Continued. 
rK  NO.  14,  PRIMAKY-CONTACT  BED  OF  ONE-UALF  TO  1  INCH  STONE. 
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TANK  NO.  14A,  PRIMARY-CONTACT  BED  OF  BRICK. 
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.  16,  PRIMARY-CONTACT  BED  OF  ONE-FOURTH  TO  ONE-HALF  INCH  STONE. 
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18,  SECONDARY-CONTACT  BED  OF  ONE-FOURTH  TO  ONE-UALF  INCH  STONE. 
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Table  LXVI. — Quarterly  averages  ofarudyees  of  eofUaet-fiUer  effluents — Ooatiiwed. 

TANK  NO.  19.  PRIMA Ry-CX)NT ACT  BED  OF  1  TO  1}  INCH  STONE  TAKING  SEPTIC 

EFFLUENT. 
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TANK  NO.  20,  PRIMARY-CONTACT  BED  OF  1  TO  1}  INCH  STONE. 
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The  quarterly  analyses  of  the  effluents  from  the  several  contact  beds 
are  given  in  Table  LXVI,  and  the  average  analyses  for  each  bed  for  the 
whole  period  of  operation  are  brought  together  in  Table  LXVII.  An 
inspection  of  the  latter  table  and  of  figs.  18  to  22  vrill  bring  out  the 
comparative  results  attained  with  filling  of  different  material  and  dif- 
ferent size,  with  different  depths  of  beds,  with  diflferent  rates  of  opera- 
tion, with  single  and  double  contact  beds,  and  with  the  treatment  of 
crude  and  septic  sewage. 

First,  as  to  the  kind  of  filling  material,  it  was  desired  to  see  if  the 
particularly  favorable  results  reported  with  the  use  of  coke  at  London 
would  be  obtained  with  Boston  sewage.  Tank  No.  11,  filled  with 
2-inch  coke,  is  fairly  comparable  with  tank  No.  12,  filled  with  IJ-inch 
broken  stone.  The  initial  capacity  of  No.  11  was  considerably  higher 
than  that  of  No.  12  (46  per  cent  against  40  per  cent),  and  it  decreased 
much  more  slowly,  so  that  the  rate  on  No.  11  was  higher  than  on  No. 
12  with  the  same  number  of  fillings.  As  clogging  occurred  in  tank 
No.  12  during  the  last  year  of  operation,  its  effluent  improved  arid  at 
the  end  was  much  better  than  that  of  No.  11.  A  comparison  of  the 
average  analyses  for  the  whole  period,  however,  shows  that  the  eflSuent 
of  No.  1 1  was  slightly  better  than  that  of  No.  12,  in  spite  of  the  larger 
size  of  material  and  the  higher  rate.  Thus  it  appears  that  coke  is 
somewhat  superior  to  stone. 

On  the  more  important  question  of  the  size  of  material,  a  compari- 
son of  tanks  Nos.  12  (1  J-inch  stone),  13  (one-half-inch  stone),  and  H 
(1-inch  stone)  is  instructive.  The  average  analyses  given  in  Table 
LXVII  are  not  comparable,  because  tank  No.  14  was  operated  under 
the  conditions  mentioned  for  one  year  only,  and  during  that  year  the 
applied  sewage  was  strongest.  In  fig.  18,  however,  the  quarterly 
values  may  fairly  be  compared. 

As  might  be  expected,  both  efficiency  and  clogging  increase  as  the 
size  of  the  material  used  diminishes.  Tank  No.  13  gave  a  better  efflu- 
ent than  tank  No.  14;  No.  14  a  better  effluent  than  No.  12.  The 
effluents  from  the  1-inch  and  1  J-inch  stone  were  never  of  satisfactory 
quality,  except,  in  the  latter  case,  at  the  very  end  of  the  experiment, 
while  that  from  the  one-half-inch  stone  was  almost  always  clear  and 
nonputrescible.  The  efficiency  with  half-inch  material  was  reached, 
however,  only  at  the  expense  of  a  serious  clogging  which  necessitated 
the  removal  of  4  inches  of  sludge  from  the  surface  during  two  years  of 
operation,  leaving  the  body  of  the  filter  for  some  distance  below  the 
surface  still  badly  clogged.  These  results  correspond  with  those  ob- 
tained by  Dunbar  and  other  German  investigators  (Dimbar  and 
Thumm,  1902).  They  show  that  with  beds  of  fine  material  a  good 
effluent  may  be  obtained  by  a  single  contact,  but  at  the  cost  of  such 
clogging  as  to  necessitate  somewhat  frequent  removal  of  the  upp«r 
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a  of  the  bed.  Even  the  IJ-inch  stone  showed  some  clogging 
wo  years,  and  with  such  coarse  filling  a  single  contact  will  not, 
rse,  produce  a  stable  effluent. 


bee 


QUARTER-YEAR  ENDING 

1904- 

JUNE SEPT 


/905 
MAR.  JUjiE 


FILTER   12 


;;-   FILTER  13 

/i  STONE 


FILTER  t4 
f"  STONE 


I '/g"  STONE 
Fig  18.— Tomparison  of  pfflupnts  from  primary-contact  beds  of  varlous-slr.pd  stone. 

k  No.  14 A,  constructed  on  Dibdin's  plan  of  nniltiple-surface 
t  (Dibdm,  1904)^  represents  a  logical  outcome  of  the  desire  to 
permanence  by  increasing  the  size  of  the  material.    It  vrsAfillftd^ 
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as  described  above,  with  bricks  laid  in  regular  tiers  with  the  largest 
obtainable  open  space,  doing  away  as  far  as  possible  with  all  strain- 
ing action.  Its  original  capacity  of  48  per  cent  fell  in  a  year  only  to 
40  per  cent,  and  with  three  fillings  a  day  gave  a  rate  of  2  to  50  percent 
higher  than  was  obtained  with  any  other  filters  similarly  operated, 
with  the  exception  of  the  coke  bed.  Its  effluent  compares  favorably 
with  that  from  tanks  Nos.  11,  12,  and  14,  with  the  exception  of  its 
higher  turbidity.  It  will  be  noticed  that  a  general  improvement  in 
the  character  of  all  the  effluents  took  place  during  the  whole  period 
and  that  it  was  considerably  greater  than  can  be  accounted  for  by  the 
weaker  sewage  of  the  second  year.  This  improvement  was  manifest 
in  all  the  contact  beds  to  a  greater  or  less  degree,  and  is  no  doubt  in 
part,  but  only  in  part,  accounted  for  by  the  straining  action  which 
accompanies  progressive  clogging. 

The  percentages  of  albuminoid  anmionia  and  of  oxygen  consumed 
removed  by  each  fflter  during  each  year  have  been  calculated,  tni  the 
increase  in  the  figures  in  the  second  year  as  compared  with  the  first 
is  shown  in  Table  LXVIII,  expressed  as  per  cent  of  the  first-year 
\alue.  The  anomalous  results  obtained  with  tanks  Nos.  17  and  19 
are  due  to  the  very  low  efficiency  of  No.  17  during  the  first  year  and 
to  a  deterioration  of  No.  19,  probably  due  to  the  overseptic  effluent 
with  which  it  was  dosed. 

Table  LXVIII. — Improvement  in  percentage  efficiency  of  contact  filters  in  second  year  aj 

operation. 

[Per  cent  of  first-year  value.] 


No.  ol 

Albuminoid 

Oxygen 

tank. 

ammonia. 

consumed. 

U 

20 

40 

12 

25 

83 

13 

24 

23 

16 

18 

17 

17 

20.8 

71 

18 

18 

13 

19 

19 

9 

20 

45 

32 

Data  bearing  on  the  effect  of  contact  beds  of  different  depths  niaV 
be  obtained  by  comparison  of  tanks  Nos.  12  and  20.  Both  were 
filled  with  1  i-inch  stone  and  dosed  with  three  fillings  of  crude  sewage 
per  day.  The  depth  was  6  feet  for  tank  No.  12  and  4  feet  for  No.  20. 
The  analyses  of  the  representative  effluents  are  shown  in  fig.  19.  I^ 
is  apparent  that  the  results  of  treatment  in  the  4-foot  bed  are  con- 
sistently better  than  in  the  6-foot  bed.  In  particular,  it  will  be 
noticed  in  Table  LXVI  that  the  nitrification  is  more  complete  in  the 
shallow  filter,  but  the  difference  is  scarcely  great  enough  to  com- 
pensate for  the  diminished  rate. 

With  regard  to  the  rate  of  operation  it  has  been  found,  as  state<l 
above,  that  three  daily  fiWmga  ^^^  \5dl^  TCk.Q«t  satisfactory  results. 


PURIFICATION   IW    CONTACT   BEDS. 


143 


tween  August,  1903,  and  January,  1904,  tanks  Nos.  13  and  16, 
lerwise  similar  in  all  respects,  were  operated  with  two  and  three 
ly  fillings,  respectively.  Tank  No. '16,  with  three  fillings,  gave  the 
t  effluent,  as  indicated  in  fig.  20.  In  January,  1904,  the  rate  on 
ik  No.  13  was  doubled  to  four  fillings.  During  the  next  few 
nths,  while  the  effluent  from  tank  No.  16  was  steadily  improving. 
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QUARTER -YEAR  ENDING 
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JUNE  SEFT 


/905 
A44R. JUNE 


FILTER  /<? 


FILTER  20 

4  FT.  DEEP 


Fio.  Itt.- 


6  FT.  DEEP 
['omparison  of  effluents  from  primBry-contact  beds  of  dlflerent  deptlw. 


it  from  tank  No.  13  deteriorated.  Apparently  two  fillings  are 
ufficient  to  maintain  the  maxinmm  efficiency  of  the  purifying 
;anisms  in  the  bed,  while  four  fillings  put  a  somewhat  undue  strain 
their  powers.  After  June,  1004,  both  beds  were  operated  with 
ee  fillings  and  gave  approximately  the  same  results.     Those  from  j 
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tank  No.  16  were  a  little  better,  probably  because  its  surface  was  not 
cleaned  and  a  considerable  straining  effect  was  exerted. 

A  comparison  of  the  operation  of  tanks  Nos.  19  and  20  furnishes 
interesting  results  with  respect  to  the  value  of  preliminary  septic 
treatment.   Both  were  4-foot  beds  of  1  J-inch  stone,receiving,fir8t,two 

QUARTER-YEA/f  ENDIMe  __ 

/JOS  1904-  OOS 


FILTER  13 


FILTER  16 


Fio.  20.— Comparison  ol  effluents  from  primary-contact  beds  at  different  lates. 

fillings,  later,  three  fillings  a  day.  Tank  No.  19  received  septic  efflu«it 
from  tank  No.  10,  which  had  been  subjected  to  twenty-foiur  hours  of 
septic  action  and  six  hours^  additional  storage  in  a  small  dosing  tank. 
into  which  the  ofRwewl  ixowv  No.  10  flowed  continuously.  The  analy- 
ses of  the  effluents  ixoia'^oa.  \^  «sA*I^^^a^^^&5s««a.tlLeir  secondary 
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eds,  Nos.  17  and  18,  are  shown  in  fig.  21.  It  will  be  noticed  that  the 
fluent  of  tank  No.  20  was  markedly  superior  to  that  of  No.  19  in 
irery  respect,  except,  for  part  of  the  time,  in  its  albuminoid-ammonia 
>nt«nt.  The  eflBuent  from  No.  20  was  often  nonputrrscible,  while 
lat  from  No.  19  was  always  foul  and  offensive.  As  pointed  out 
Dove,  the  septic  treatment  was  efficient  in  preventing  clogging,  the 
rial  capacities  of  tanks  Nos.  19  and  20  being  38  and  26  per  cent, 
ispectively.  This  advantage  is,  however,  dearly  bought,  since  the 
fptic  effluents  from  Boston  sewage  evidently  contain  substances 
imical  to  bacterial  action,  which  seriously  interfere  with  subsequent 
irification.  The  possibilities  of  preliminary  septic  treatment  before 
mtact  filtration  can  not  be  considered  as  exhausted,  since  only  this 
ng  period  (twenty-four  hours'  storage  in  the  septic  tank  and  six 
3urs  in  the  dosing  tank)  has  been  tried;  a  shorter  period  might 
move  solids  without  interfering  so  seriously  with  the  contact  bed. 
urthermore,  the  harmful  effect  of  the  septic  treatment  might  be 
rgely  nunimized  by  special  aeration  before  final  treatment.  All 
lat  the  experiments  have  so  far  shown  is  that  thirty  hours  of  septic 
-eatment  yields  unsatisfactory  results,  while  crude  sewage  may  be 
.*eated  with  the  production  of  a  good  eflBuent  at  the  risk  of  clogging, 
hich  would  necessitate  the  renewal  of  the  beds  at  intervals  of  some 
ears.  It  is  probable  that  a  shorter  septic  period  approaching  more 
eariy  the  condition  of  plain  sedimentation  would  maintain  the 
apacity  of  the  beds  without  corresponding  harmful  effects.  The 
nalyses  of  the  eflfiuents  from  the  secondary  filters,  tanks  Nos.  17  and 
8,  are  also  plotted  in  fig.  21.  In  nitrogenous  constituents  and  in 
vailable  oxygen  the  effluent  of  tank  No.  18  was  much  better  than 
hat  of  No.  17.  The  former  was  dear  and  stable,  the  latter  generally 
iark-colored  and  smelling  of  hydrogen  sulphide  and  often  failing  to 
>ass  the  incubator  test. 

The  general  results  of  these  experiments  on  contact  treatment,  as 
neasured  by  oxygen  consumed,  are  plotted  in  fig.  22.  Like  fig.  7 
p.  68),  for  experiments  at  other  places,  it  shows  that  a  single  contact 
^ill  remove  from  one-third  to  one-half  of  the  organic  constituents  of 
ewage,  with  the  production  of  an  improved  but  still  putrescible 
flBuent.  Tanks  Nos.  13  and  16,  of  one-half  inch  stone,  form  an  ex- 
eption,  since  their  eflBuents  were  fairly  stable  toward  the  end  of 
he  experiments.  This  efficiency,  as  has  been  explained  (pp.  133-134), 
sras  obtained  at  the  expense  of  serious  surface  clogging.  The  double- 
ontact  treatment  effected  a  removal  of  one-third  to  one-half  of  the 
emaining  organic  matter,  producing  a  satisfactory  eflBuent  in  the  case 
►f  the  treatment  of  crude  sewage. 

To  summarize  the  conclusions  arrived  at  in  regard  to  the  construc- 

ion  of  contact  beds,  it  appears  that  a  4-foot  depth  gives  somewhat 
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better  results  than  a  6-foot  depth,  but  with  greater  capacity  loss  and 
lower  rates.  Either  coke,  brick,  or  broken  stone,  or  probably  any 
other  hard  material,  may  be  used  for  filling,  with  a  slight  advanta^re 
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Fig.  21.— Comparison  of  effluents  from  doiible-<»ontact  systems  taking  crude  and  septic  »P»sif  • 

for  coke.  The  size  of  the  material  is  more  important  than  the  kifl" 
Half-inch  stone  gives  iwuch  better  results  than  coarser  materul- 
yielding  a  nonputrescWA^  e^wetvV  ^n^w  >kv\^  ^  %\s^le  contact.   Tbf 
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irface  of  such  beds  must  be  cleaned  once  a  year  or  oftener.  With 
5-inch  stone  the  surface  deposits  need  not  be  removed  so  frequently, 
nd  with  still  coarser  material,  such  as  2-inch  coke,  the  surface  needs 
ractically  no  attention:  but  all  effluents  from  beds  of  material  over 
ne-half  inch  in  diameter  require  treatment  in  secondary  beds.  In 
very  case  the  beds  treatino^  crude  sewage  will  lose  capacity  so  rapidly 
s  to  necessitate  renewal. 

The  contact  beds  have  been  operated  most  satisfactorily  with  three 
llings  a  day,  giving  a  single-contact  rate  for  6-foot  beds  of  1.2  with 
ne-stone  filling,   1.4  with  coarse  stone,  1.8  with  2-inch  coke,  and 

with  brick.  The  brick  bed  might  be  built,  according  to  Dibdin^s 
riginal  plan  (Dibdin,  1904),  of  slate,  so  as  to  gain  a  still  larger 
apacity.  With  any  material  other  tha  i  the  one-half  inch  stone  a 
econd  contact  would  be  necessary,  reducing  the  rate  on  the  double 
jstem,  as  a  whole,  to  between  0.6  and  1. 
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Fig.  22. -Comparison  of  .sewages  and  effluents  from  singh^  and  double  contact  \y&^*. 


CONCLUSIOXS   BEAKIXO  ON   THE  TREATMENT  OF   HOSTON   SEWAGE. 

^fothing  has  so  far  been  said  about  the  process  of  purification  by 
ickling  over  beds  of  coarse  material.  According  to  the  results  of 
-cent  English  experiments  this  should  be  the  most  promising  method 
f  all.  Three  of  the  tanks  have  ])een  operated  on  this  principle — Xo. 
•*>  for  the  whole  two  years  and  Nos.  22  and  23  during  1004-5.  They 
'ere  operated  at  high  rates — from  1.5  to  2.5  million  gallons  per  acre 
»er  day — and  produced  somewhat  turbid  effluents  which  after  sedi- 
fientation  were  nonputrefactive.  They  were  entirely  free  from  sur- 
ace  clogging.  It  does  not  seem  justifiable  however  to  lay  stress  on 
he  results  obtained.  The  two  most  important  points  in  the  opera- 
ion  of  the  trickling  filter  arc  the  distribution  system  and  the  effect  of 
weather  conditions.  While  sand  filters  and  contact  beds  may  fairly 
)e  tested  in  experiments  like  those  recorded  in  this  paper,  it  is  appar- 
ent that  trickling  filters  of  only  16  square  feet  area,  dosed  with  tipping 
)uckets  and  operated  under  cover,  do  not  funiish  a  criterion  of  actu 
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conditions.  It  has  therefore  been  decided  to  conduct  during  1906  a 
series  of  experiments  on  a  larger  scale,  out  of  doors,  and  to  postpone 
any  discussion  of  trickling-filter  residts  until  those  experiments  are 
completed.  The  conclusions  in  this  paper  will,  therefore,  be  limits 
to  the  discussion  of  the  septic,  sand,  and  contact  processes. 

It  will  be  necessary  in  any  treatment  to  screen  out  large  floating 
bodies  and  to  settle  out  mineral  detritus.  This  process  should  be 
limited  to  a  sedimentation  of  a  few  minutes.  Under  such  conditions 
the  settled  material  amounts  to  about  1,600  pounds  per  million  gal- 
lons of  sewage  and  is  of  such  a  character  that  it  may  be  spread  out  on 
land  without  fear  of  nuisance. 

A  further  removal  of  the  suspended  organic  matter  may  be  eflFected 
if  desired  by  treatment  in  the  septic  tank.  An  open  tank  operate  as 
well  as  a  closed  tank,  and  there  is  no  marked  advantage  in  filling  the 
tank  with  stone.  Varying  the  storage  period  from  twelve  to  forty- 
eight  hours  produces  no  diflFerence  in  the  effluents  which  is  measurable 
by  analytical  results.  All  the  tanks  removed  nearly  two-thirds  of  the 
suspended  matter  and  yielded  an  effluent  which  was  clear  but  much 
darkened  by  hydrogen  sulphide.  The  tanks  on  an  average  received 
50  pounds  of  nitrogen  as  albuminoid  ammonia  (dissolved  and  sus- 
pended), of  which  30  pounds  were  discharged  in  the  effluent,  15  to  17 
pounds  decomposed  and  3  to  5  pounds  stored  as  sludge.  In  the 
decomposition  of  sludge  the  length  of  the  septic  period  is  of  great 
importance.  The  amount  of  organic  solids  stored,  undeox)mposed, 
per  million  gallons  of  sewage  passed,  is  twice  as  great  with  a  forty- 
eight-hour  period  as  with  a  twenty-four-hour  period  and  four  times  as 
great  as  with  a  twelve-hour  period. 

Under  the  conditions  of  these  experiments  crude  Boston  sewage  has 
been  successfully  filtered  through  a  2-foot  bed  of  sand  with  an  effective 
size  of  0.14  millimeter,  at  a  rate  of  0.4  million  gallons  per  acre  per  day, 
divided  into  four  doses  in  the  24  hours.  Such  high  rates  should  not  be 
expected  in  actual  practice,  but  it  is  believed  that  with  care  in  con- 
struction and  operation  the  sand  filter  may  be  efficient  at  higher  rates 
than  have  been  generally  advocated.  The  effluents  obtained  from 
the  sand  beds  were  clear,  bright,  and  well  purified.  The  depth  of  the 
betls  can  not  safely  be  reduced  below  2  feet.  Preliminar}'^  septic  treat- 
ment for  twelve  or  twenty-four  hours  does  not  improve  the  effluents 
obtained  with  sand  filtration,  although  it  makes  the  care  of  the  sur- 
face of  the  beds  somewhat  easier. 

Crude  Boston  sewage  may  be  treated  in  single-contact  beds  of 
fine  stone  (one-half  inch  in  diameter)  at  a  rate  of  about  1.2  million 
gallons  per  acre  per  day.  The  effluent  is  only  partially  purified,  but 
is  generally  so  stable  as  to  be  discharged  into  a  considerable  volume 
of  water  without  any  tendency  to  create  a  nuisance.  The  beds  clog 
rapidly  and  the  surface  needa  TaM<c\i  «AX,^ii.UoiL,    The  double-contact 


AOKNOWLEDGMENTS BIBLIOGBAPHY.  149 

I  of  treatment,  in  primary  beds  of  2-inch  material  and  sec- 
^  beds  of  one-half-inch  material,  yields  a  fairly  well  purified 
able  eflBuent  at  a  rate  on  the  combined  double  system  of  about 
llion  gallons  per  acre  per  day  with  beds  6  feet  deep.  Such  a 
I  clogs  much  less  seriously,  but  nevertheless  loses  sufficient 
ty  to  require  renewal  every  few  years.  Preliminary  septic 
lent  obviates  this  capacity  loss  to  a  considerable  extent.  In 
experiments  a  thirty-hour  septic  period  produced  an  effluent 
without  aeration  was  so  difficult  to  purify  as  to  interfere  seri- 
with  the  efficiency  of  tne  contact  beds.  There  is  little  doubt 
liis  difficulty  could  be  overcome  by  aeration  or  by  shortening 
ptic  period.  The  most  practical  of  the  methods  which  have 
itudied  would  appear  to  be  the  treatment  of  sewage,  either 
'uted  or  subjected  to  a  very  short  period  of  septic  action,  in 
-contact  beds.  The  process  of  trickling  filtration  remains  to 
isidered  in  a  further  report,  but  incomplete  results  obtained 
present  time  indicate  that  this  method  will  probably  prove 
)r  to  any  so  far  tested. 
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CLASSIFICATION  OF  TlIK  ITllLICATIOXS  OF  THE  UNITED  STATES  fiEOLOOICAL 

sruvEY. 

[Water-Supply  I'lipcr  No.  ls.'),j 

Tlio  Horial  publit^ations  «)f  the  Inited  States  li(?oloj?ical  Survey  <'onsist  <>f  'l) 
Annual  l{oiK)rts,  (2)  Monographs,  ['A)  Professional  PaIH.»^^',  ( 4 )  HulletiniJ.  (.")i  Mineral 
Uesources,  (H)  Water-Supply  and  Irrijration  l^ajHTS,  (7)  Toi)<:»vrraphie  Atlas  of  Tnihil 
States — folios  and  separate  sluvts  thereof,  (S)  (ieolojrie  Atlas  of  tlie  I'nite^l  Stat«'>:- ^ 
folic )S  th«'reof.  The  elapses  nuiulKTed  2,  7,  and  s  are  sold  at  ea**t  of  publieatiitn:  th»- 
others  are  distributed  free.     A  einuilar  tj;ivinj;eoniplete  lists  ran  l>e  had  on  applieati«»n. 

Most  of  the  alMJve  puhlieations  can  Ihj  ohtaiiied  or  c»)nsulted  in  the  foUowiu;:  way.-: 

1.  A  liiniteil  innnlH-r  are  <lelivered  to  tlie  Director  of  tlio  Survey,  from  whom  they 
can  l)e  obtained,  free  of  charjre  (except  classes  2.  7.  and  S),  on  a]>plication. 

2.  A  certain  number  are  deliven^d  to  Senators  and  Representatives  in  ronj|rre>s, 
for  distribution. 

S.  Other  (?omes  are  «leposit*Hl  with  the  Sujxirintendent  of  Documents,  Wasliinjrton, 
I).  ('.,  from  whom  they  can  Ih:^  had  at  practically  cost. 

4.  Copies  of  all  (iovernment  |)ublications  are  furnished  to  the  princij>iil  public 
libraries  in  the  la rjre  cities  Ihruout  the  Unite<i  States,  where  they  can  Iv  consulit^l 
by  those  interested. 

The  Professional  Pa|»ers,  J^ulletins,  an(i  \Vater-Su])ply  Paj)ers  treat  of  a  variety  of 
subject*!,  and  the  total  numU'r  issued  is  lar^e.  They  have  tlierefore  been  classitinl 
into  the  follow intr  series:  A,  l*>onomic  geology;  15,  Dtrscriptive  geoloiry;  C,  System- 
atic jreolo«ry  and  paleontolojjy;  J),  Petn)jrniphy  and  mineralojjy;  K,  Chemistry  an«l 
physics;  F,  (leoirraphy;  (J,  MiscellantHUis;  II,  Forestry;  I,  Irrijration:  J,  Water  stor- 
a*re;  K,  Puuipiu};  water;  I^,  Quality  of  water;  ]M,  (General  hydrojrraphic  inv«»stina- 
tions;  N,  Water  power;  (),  I'nderjrround  waters;  P,  llydn>j;:raphic  pnt^ress  rejn»rt.*». 
This  paper  is  the  litteenth  in  Series  L,  the  complete  list  of  whicli  !ollows»  ( WS  = 
Water-Suj)ply  Pa})er): 
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WS  'SI.  >runL'.-  irrii.Mii..ii.  Vi.  IJ.  hy  (J.  W.  Usifti-r.     IK^X    1(K)  pp..  7  pis.     (Out  of  stwk.) 
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♦  i.HMl.i!.     I'.KH.     IJoj-F.. 
W-:  l(i>.  <^i:ilii>  <'i  \vn[iV  in  tin-  su«^iiu«hiinua   Kivt.-r  (Iniiniu^'v  Ivoshi.  by  M.  (».  Lei^liton.   with  «n 

iiitro.lii.  I. .ly  clijipttrMii  phy-ioyraphio  features.  hy(i.  B.  Hollister.     U>04.     7t»pp.,   i  pi-. 
Ws  ]];;.  >tl.l\\^..]|r.l  aii'l  oil  un^i.  >,  l.y  I:.  L.  s.uki-lt  and  Isaiah  liownian.    19i>.'>.    ftii  pp..  l  pis. 
WS  IJI.  I'niimiiiiiry  t.[<»it  «'ii  ii;.- 1.  l.i.i:.Mi  nf  Uike  t'lmmplnin,  by  M.  <>.  lA'ightou.     IW-'v     IW*  pit.. 

\\>  in.  '['Ik  ti'iiii.  I  <li-tti'ii;'.i..i.  .f  <  h  l.»riii<- ill  th«'  luitunil  waters  of  N>w  York  and  New  England. 

t.y  1).  I).  .iH.-K-.-ii.     I'.'i..     ;;i  ],]..,  :>  pN.  ^ 
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.;  pN. 
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